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LATE NONTUBERCULOUS COMPLICATIONS OF CALCIFIED HILUS 

LYMPH NODES! ^ 

JEROME R HEAD and CHESTER W MOEN 
(Received foi publication June 16, 1948) 

INTRODUCTION 

In most instances, piimaij’^ tubeiculosis of the lungs is a benign infection 
The focus in the lung and the laigei centeis in the hilus and mediastinal lymph 
nodes pass thiough then acute stages without pioducmg impoitant symptoms 
ox complications, and usually the permanent calcifications which result aie 
matteis of pathological and loentgenological intciest, rathei than of clinical 
impoitance This is not alwaj’-s the case Guersant, Le Blond (1), and Laennec 
(2) 1 epoi ted numei ous cases m hich acutely inflamed tuberculous nodes had oc- 
cluded and luptuied into the bionchi, lung, tiachea, and esophagus, pioducmg 
extensive and fatal disease Paiiot (3), Hutmee C4), and Kuss (5) noted this, 
and that the piimaiy focus in the lung could progiess to caseation and excavation 
and to the de^elopment of widespiead tuberculous pneumonia They observed 
also that the infection could pass beyond the nodes to involve the thoiacic duct 
and pioduce miliaiy tuberculosis Moie lecently, Kent (6) has pointed out 
that the entitj’’ commonly called epitubeiculous pneumonia is m leality an 
atelectasis caused bj’’ enlaiged hilus lymph nodes, and Lightwood and Wilson 
(7), Hughes and Simpson (8), and Huizinga (9) have shown that a tiansient 
atelectasis so pioduced duiing the acute stages of primaiy tuberculosis is a 
common cause of chionic nontubeiculous bionchiectasis 
These aie all complications of the acute phases of the piimaiy tubeiculous 
complex The subject of this papei is the late nontubeiculous complications 
of healed or quiescent calcified tubeiculous nodes at the root of the lung As 
has already been stated, the acute piimaiy infection in these nodes usually pro- 
gresses to spontaneous arrest and to calcification In most cases this is an 
encapsulation and an aiiest and not a cure of the infection Tubeicle bacilli 
lemain alive in the nodes foi many years and extension fiom this souice is a 
common cause of leinfection bronchial and paienchymal tubeiculosis That in 
itself IS a large and impoitant aspect of the pathogenesis of tubeiculosis It 
does not fall within the scope of this paper, however, vhich is concerned only 
with the late nontuberculous activation of these cal cai ecus nodes Howevei 
long these calcifications may have been piesent, and m spite of the absence in 
them of live tubercle bacilli, they can, and fiequently do, become secondarily 
infected and enlaige to press upon, occlude and peifoiate the bionchi and even 
the esophagus with the production of lecuiimg pneumonia, atelectasis, bionchi- 

^ From the Department of Surgery, Northwestern Univeisity, Chicago, Illinois 
2 Presented before the Medical Section, as part of the symposium on Surgery -Trends- 
Late Results, at the 44th Annual Meeting of the National Tuberculosis Association, New 
York, New' York, June 16, 1948 


1 



2 


HEAD AND MOEN 


ectasis, and lung abscess Such activation is frequently associated « ith heraoj)- 
t 3 ’-sis and, nliat is moie diamatic, nith the expectoiation of pai tides of calcium 
The condition can be the cause of neail 3 '- eveiy t 3 ^e of pulraonai 3 ^ infection and 
frequentl 3 f pioduces a chmcal pictuie scaicel 3 ’’ distinguishable fiom bionchial 
caicmoma Foi these reasons, it has seemed woitlmhile to lecall attention to 
it and to emphasize that it is common and not laie, and that it can be piesent 
inthout being signalized 1 ) 3 ’' the expectoiation of calcium 

HISTOR\ 

Nontuberculous disease of the lungs associated nith the e\pectoiation of calcaieous 
pai tides has been noted since tlie earliest tunes Aiistotle, in the coui-se of dissections 
of animals carried out at the instigation of Ale\andei the Gieat, noted that the lungs 
frequent^’- showed rock-like indurations similai to those found in the spleen and kidne 3 " 
(4) Aretaeus of Cappadocia and Galen repoited cases of cough uith e\pectoiation 
of stones (4) Galen conjectmed that the 3 ’' weie foinied in the bionchi b}-- the di 3 '-ing of 
thick secietions Alexander of Tralles repoited the histoi 3 '' of a man who expectoiated 
calcareous concretions so large that the 3 ’^ made a noise uhen the}" stiuck tlie giound 
Paulus Aegineta saw the expectoration of man}" stony concietions associated with he- 
mopt 3 "sis Poulalion, who mote a treatise on the subject in 1S91 and who is the souice 
of much of this historical renew" and bibhograph}", mentions similar cases lepoited b}" 
vatious ancient authors (4) 

In 1600 Schenck (4) review ed the subject and cited the case of Di Osw aid Gabelhow er 
who was cured of chronic lung disease b}" the expectoiation of a calculus He mentioned 
many similar cases reported b}" vaiious ph 5 "sicians 

In 1720, Richard Moiton (10) m his classification of types of phthisis included that 
pi oduced b}" calculi He w"rote 

I have often observed chalkj" stones bred in the lungs, which, when thej have been 
angular and disturbed with the shaking of the lungs, are wont to tear the tender substance 
of those parts, from w hence have arisen a violent and drj cough and a hornble pain in the 
breast, like that in Pleurisj and Penpneumonj", sometimes also an hemoptjsis with a con- 
siderable flux of blood and from thence ulcers, with the usual signs of a consumption of the 
lungs Therefore, w hen these hornd pains happen with an hemoptjsis about the beginning 
of a consumption, we maj" justlj suspect it to be a consumption from stones in the lungs, 
although we cannot pronounce anj thing certain of this thing until the stones have been 
coughed up Usuallj" these stones get into the windpipe bj" which thej are coughed up, 
and that seldom w ithout a great flux of blood But if the stones are smooth thej maj occa- 
sion onlj" a drj" cough and something of an oppressing weight in the breast But when 
angular, and sharp, thej break and tear the lungs and cause pain, spitting of blood, ulcers, 
and a consumption itself, as I have hinted 

In 1746, BoerIiaax"e (11) w"rote 

The celebrated botanist, 3^aillant, spit up 400 stones from his lungs before death, though 
thej w ere all of them indeed small and round He w as afflicted w ith an asthma fi om a cal- 
culous matter collected in the vesicles of the lungs I have seen asthmas of the worst kind, 
in which the patient has been tortured with incessant coughing without intermission, til 
after some weeks thej have brought up calculi from the windpipe, and the respiration has 
been free for some time, ’til more calculi were again formed I hi\ eseen other patients w ho 
have kept b\ them large cups full of these stones which had been brought up from the lungs 
Such people as these die with a spitting of blood, for the tender fabric of the lungs is dc- 
strojed bj the xiolent coughing used to bring up these stones 



COMPLICATIONS OF CALCIFIED HILUS LIMPH NODES 


3 


In 1761, IMoigagni (12) desciibed the clinical and pathological findings in such cases 
In i lettei to Mhlhain Biomfield of London he wrote in detail of the lespiratoiy troubles 
lesulting fioin the piesence of concietions in the lungs Poulahon states “lie established 
the distinction between deposits in the lungs, in the bionchial glands and those formed 
within the bionchi fiom the condensation of secietions ” (4) 

It was not until the eaily nineteenth centuiy that calcifications within the lung and 
bionchial nodes weie leeognized as being the lesult of tuberculosis Bayle (13) con- 
sideied calcaieoiis phthisis as distinct fiom tuberculous phthisis Broussais (4) and 
Laennec (2) weie the first to insist on then tubeiculous origin This confusion arose 
undoubtedlj’' fiom the fact that the expectoiation of calcium was sometimes associated 
w itli active tubei culosis and sometimes w itli acute oi chronic nontuberculous pulmonary 
infections 

In 1891, Poulahon (4) included in his thesis a section on wiiat he termed “pseudo- 
tubeiculose calculane ” At this earlj' date he mentions the fact that actinomycosis, 
cladothiicosis, and othei mycotic infections can pioduce pulmonaiy calcifications 
Since that time, as befoie, theie have appeared numeious reports of individual cases 
01 of gioups of cases These appeal in ai tides by Bickel and Grunmach (14), Pritchard 
(15), Pendeigiass (16), Pratten (17), Stivelman (18), Lloyd (19), Van Ordstiand (20), 
Anderson and Mackey (21), Aithui Elliott (22), Myeis (23), Tinney and Moersch (24) 
and Maytum and Vinson (25) Most of these are i eports of one or of a few" cases Van 
Oidstiand (20) described thnteen cases observed between 1900 and 1930, and Turney and 
Moei-sch (24) tw enty-eight eases collected from the files of the Mayo Clmic 

ETIOLOGY 

lust W"hj" a healed and encapsulated calcified node, after lemainmg stationary 
and innocuous for many yeais, should suddenly begin to cause tiouble is uncer- 
tain In the cases undei consideration, it is not a reactivation of a latent tu- 
bei culosis, for tubei cle bacilli aie not found and the resulting parenchymal in- 
fection IS not tubeiculous One must conclude, I believe, that the calcium, like 
anj" othei foieign body, invites secondary infection and that w"hen such infection 
occuis it persists until the foieign body has been removed or extruded Such 
late secondary infection develops about calcium deposits in the lung parenchyma 
and about layeis of calcium deposited on the pleura 

There aie four loutes by w’hich bacteiia could reach calcified hilus lymph nodes 
(f) by direct extension fiom infection and ulceration of the bronchial wall, (^) 
by extension from contiguous lung tissue, ( 3 ) by w'ay of the blood stream, and 
(4) by waj" of the lymphatics Which is the usual route is a matter for specula- 
tion It seems pi obable that the nodes, not being completely involved, continue 
to function as lymph nodes and that bacteria reach them by way of the lymphat- 
ics from infections of the lung paienchyma It is ceitain that m many instances 
uninfected calcified nodes produce a peimanent narrowing of a contiguous 
bionchus and that this nai rowing predisposes to recuiring infection in the distal 
bronchi and parenchyma Such a node is moie exposed to infection than one 
winch does not diain a repeatedly lemfected lobe 

ANATOMICAL OBSERVATIONS 

The legularity in position of the hilar lymph nodes w’as pointed out by H P 
Nelson (26) m 1932 This consistency in the lelation of the hilar nodes to the 
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sf I n on the infi rioi smf x e of the nnin sti in broni Ini' in 70 {ter lent of tlx t I'l's 
'I'lii* 1 1 st two nodi s \\( ii> pD'sent tonithei in the s une sp( t im(*n in II pei lent of 
the ( is( s 

sill OI i*iition\uo\ 

U itli the '111 iloinii il position of the broni In il nodes m mind, the opinions of 
\ iiions inithois re;; inline the most fiequeni spe of perforition will be pien 

M 1’ 11111 / (27) si ited til'll theie w*is -i jirei ileiue of peifoi ition on the ii;;ht 
side on the medi il w dl of the light mini bronihus, it the mteibifuu'ition 
node w IS tlx gieitest olTeiidei 

B .Siinilv (2S) mentioned tint the tight ni'iin bionilnts w.is nio^t frcquenfl% 
ilTeited In stonis bei nise of the iiu leased fiequeni;; of the piiinin complex 
on the light 

S Engel (29) si'itcd tint the light bifuu ition node and the light tiicheil 
nodeweiemost fiequeniK 'ifTet ted and f Imt thernajoiitc ofpcifoi iliotis, oicuiied 
in tins 'ue 1 

C Petol (dO) deinonstiated an itoinii dh tint the hmph nodes to be most 
ficqucnth enlaigcd and to cxeil piessuie weie those found suiioundmg the light 
stem bionclnis in the iiei of the bionihus to the tight middle lobe 

In 1911 0 Aucibach (dl) icpoilcd his eximiintion of the bionchnl tiee in 
1,()5() autopsies m whuh he found 22 peifoiatioiis In Ins senes ho found th it 
jicifoiations oicuned most fiequcntij m tiie iiea of the citiin, but tint the 
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distnbution ^yas fairly equal between the trachea, the nght and the left main 
stem bronchi 

The cases reported in the literatuie reveal almost equal distribution of involve- 
ment among the bronchi to all the lobes, vuth the exception of the nght upper 
lobe bronchus vhich was affected the most (30 per cent of all cases), and the 
lingular bionchus vhicli vas not affected at all 

In our cases the frequency" of involvement was distnbuted among the right 
upper, the left upper, and the middle lobe bionchi, lespectively 

CLINIC^VL pictuhe 

The sjnnptoms and physical and roentgenographic findings can simulate every 
tjqje of acute and chronic bronchial and pulmonary disease Basically, all of 
the findings are caused by bronchial ulceration, narrowing, and occlusion 
Hemorrhage ma}'- be the only symptom There may be merely recurring attacks 
of bronchopneumonia in the same lobe The cough associated with this is apt 
to be severe and spasmodic Blood stiealcing or frank hemorrhage are common 
During the acute stage a persistent wheeze localized over the affected lobe is a 
common and suggestive sign This may disappear after the expectoration of 
calcium Lung abscess and empj’^ema may complicate the lung infections 

Recurnng attacks of acute atelectasis produce a dramatic picture Poulalion 
(4) speaks of sudden attacks of bronclual colic associated with dyspnea, fever, 
and relieved by the expectoration of calcium Morton comments on the “hornd 
pain” in such cases (10) The atelectasis may persist and all types of chrome 
pulmonary suppuration may develop 

Attacks tend to be recunent They usually stop finally and one can assume 
that this occurs vhen all of the calcium has been extruded, yet Boerhaave’s 
patient expectorated 400 stones over a period of many yeais (11) 

In one case in the present senes, the calcified gland at the bifurcation ruptured 
into the right lover lobe bronchus and also into the esophagus, producing an 
esophageal bronchial fistula 

The most dramatic symptom is the expectoration of stones These may vary 
in size from small and sand-like grams to particles one cm in diameter It is 
surprising how often the patient fails to be impressed with this finding sufficiently 
to report it to his physician For this reason it is necessary to question all pa- 
tients on this specific point When so questioned, one of our patients produced 
from his wallet an envelope contaimng a dozen or more stones He had never 
shown them or mentioned them to any of the many doctors who had attended 
him 

The roentgenographic findings are as variable as the bronchial and pulmonary 
conditions which are produced One must suspect the condition and remember 
that calcifications at the root of a lobe may be responsible for disease in the 
parenchyma Laminography may give important information in revealing a 
calcified node impinging upon a bronchus 

Bronchoscopy larely shows more than granulation tissue and bronchial nar- 
rowing Manipulation often produces important bleedmg 
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THBAOTilENT 

The treatment depends upon the nature, the seventy, and the chromcitj' or 
recurrence of the sjnnptoms In many mstances the calcnun is extruded and 
expectorated spontaneously, the fistula m the bronchus closes mthout producmg 
important narrowing, and the infection in the lung clears up There may be 
only one such episode or they maj’’ recur at mdefimte mtervals 
In such cases, and m all cases at first, medicinal treatment of the parench^mial 
infection is aU that is mdicated Lrmg abscess or emp3’^ema maj' develop and 
may require surgical treatment In one case m this senes an esophageal bron- 
chial fistula produced a threatemng situation That it closed following endo- 
scopic cautenzation of the openmgs seems fortuitous Such a comphcation 
today would be an indication for surgical mtervention 
Bronchoscopic removal of the calcium is difficult and dangerous The nodes 
and bronchi are contiguous to large pulmonarj’’ vessels Bleeding is apt to be 
severe and may be fatal 

If the infection persists or recurs with bothersome frequencj’’, lobectomj’- is 
indicated If the offending node is not infected at the time of the operation and 
the bronchus is not greatl}’' narrowed, removal of the node may be feasible and 
sufficient 


CASE REPORTS 

Case 1 A male, age 38, was first admitted to the hospital on December 19, 1946, complainmg 
of a nonproductive cough and wheeze for three weeks There were flecks of blood in his 
sputum and on three occasions he had coughed up small solid particles “hke chalk ” On 
the daj of his admission, he coughed up some more particles which relieved his cough con- 
siderablj Phjsical examination revealed no significant findings His temperature was 
99 4'’P The total er> throcyte count was 4 7 million per cu mm and the total leukoc^-te 
count was 9,650 per cu mm Boentgenographic examination reiealed no abnormalities 
except for calcified deposits in the right hilus The bronchoscopic examination revealed a 
■nhite mass arising from the posterior wall of the bronchus at the origin of the nght upper 
lobe bronchus This was interpreted as calcium The mampulation of this mass bj forceps 
produced a bnsk hemorrhage and bronchoscopy was discontinued The patient continued 
to wheeze and cough for another week and then suddenly developed a chill and fever of 
103°, accompamed by a leukocytosis of 23,000 cells per cu mm Ph 3 -sical examination 
revealed increased breath sounds and some scattered rales oxer the area of the nght lower 
lobe Boentgenographic examination revealed a light, hazy, bronchopneumonic type of 
infiltrate m the lower portion of the nght lung The following night (Januarj 1, 1947) he 
had another chill and fever of 103° At the same time he had a sex ere coughing attack and 
brought up a large calcified plaque (figure 1) Immediate]> after coughing up the calcium, 
the patient noted a disappearance of his xx heeze A daily remission of temperature followed 
and it was normal on Januarj 7, 1947 The chest roentgenogram on this date xxas also 
normal 

Case S (Figure 2) A man, age 34, began to haxe frequent colds and to cough up foul- 
smelling sputum and small flecks of blood in September 1944 At the same time he began to 
wheeze and cough up small pieces of stone from time to time On ICox ember 19, 1944, he had 
a chill and fexer of 103°F and xxas admitted to an Armj hospital He xxas coughing up a 
cupful of pus dailj and xxas then gixen penicillin and sulfonamide thcrapx He improxcd 
clinicallx but there xx as little change on the chest roentgenogram Again in Apnl 1945, he 
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I ' 10 1 (Cise 1) Stones oxpcctoi ited b\ this patient The laige mass was an amalgam 
of pieces of c ilciuin and blood clot 






Fig 2 (Case 2) Small lung abscess penpheial to calcified b'mph node Tins patient 
coughed up ippro\im*itely one-half ounce of small stones over the course of severa mon s 


had another episode of chills and fevei iiitli expectoiation of much foul pus Anot 
course of penicillin \i as given and again he improved clinicall) but v it out muc i c ange o 
the roentgenogram On June 20, 1945, the patient came into the office vith a jar containing 
a gieat number of stones he had coughed up a fev dajs befoie j t le is " * 

1945, his chest loentgenogram was almost normal and his vheeze had diminished a gr a 


8 


HEA.D AXD MO EX 


deal, although he was jet coughing up small particles of calcium Broiichoscop\ at this 
time rei ealed a friable mass of tissue on the medial aspect of the right mam bronchus at the 
lei el of the right middle lobe bronchial onfice The lower lobe orifice was stenotic but 
smooth 

Case 3 (Figure 3) A w oman, age 43, w as admitted to the hospital Februarj 26, 1944, com- 
plaining of severe coughing attacks and w heezing for the past three daj s She stated tint 
she had had similar attacks on several occasions since 1941 Sometimes the attacks hid 
been accompanied w ith chills and fea er On admission the total era throca te and leukoca to 
counts were normal The chest roentgenogram appeared similar to the one taken in 1941, 
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Fig 3 (Case 3) Vrei of pneumonia and abscess distal to eroding calcified nodes 

which rea ealed a large primara complex in the lulus of tlie right lung with parenchani il in 
fcction about it Bronchoscopa rea ealed granulation tissue and constriction at the bepn 
iiingof the right mam stem bronchus it the lea el of thecanna Two weeks 1 iter the patient 
coughed up scacril pieces of calcium aaliich giac her considerable relief from cough ind 
wheezing Vgain during the first aacek m Vpril 1941, she coughed up sonic more cilciiini 
Vfter this her rocntgenogruii showed considerable clearing 

Case 4 (figures 4 \. and B) V man, age 3G, hid cnipacmi ind pncumonii m 1933 In 
luiic 1943, he dca eloped i cough, had pun in his left chest, daspnea, and i fcaer of 102°!' 
The roeiitgenographic c\ iniinatioii rea ealed sea cr il e deified nodes at the lulus of both lung'' 
uid 111 area of pirenchanial infiltration ridi itiiig outw ird from the left hilns to the infri 
cliaiciilar area Kcpcited sputum cxamin itions, cultures, uid giiiiici pig inoculations 
w ere negitiac for tubercle bicilli Ilowca or, the patient was ida iscd to bo on bed rest Ih 
st lacd 111 bed until October 1913 with little improacment samptomatic ilh or on the clic-l 


( OMl'LirVI'KINs ()1 ( VKiniD niLUS lAMPlI NODES 


9 


UK ntK< Ill (Ik 1 1 '-t wtik of Oi (dbi i, lu li ul i 'ipvoie ( ougliing all ick and brought 

up VI \ ( r il 1 m,( pH (I V of r lb miu Koi ntgc nogi iphu t\ imin i(ion on No\ cmbci 15 showed 
dmovt I oinpli to ( b iriuunfthi lovion (figim | H) Since then ho Ins been completely well 
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I ir 1 (Cave 1) 

\ (1 1 ft ) Hront hoiiiu uinoin i in bfl uppi r lolit pei iplu i d to c deified gland eioding into 
till bromhuv 

H fUiglit) \ftt i ( \p( ( toi ition of vtomv 



1 IG 5 (C ise 5) Infilti it ion in left upper lobe which cleared following expectoration of 
p irticks of cilcium 

Case 5 (Figui c 5) Tin ce w ecks pi loi to admission, a 42 year old man began having daily 
episodes of hemoptysis, small in amount, not associated with any pain c la no e\er 
on admission ind the tot al leukocyte count as normal The chest roentgenogram 
an inciciscd density along the left side of the mediastinum just above tie u us i in 
this area of density were several calcium deposits Extending outw ar an i^wai rom 
this aiea weie some fibrous strands which biought up the question of an o u ercu ous or 

malignant process Bionchoscopy showed a bleeding area at the orifice o e upper o e 
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bronchus Bronclinl secretions n ere negative for tumor cells One n eek after admission, 
the patient coughed up seveial pieces of calcium Two da^s later the area of increised 
density had disappeaied fiom the chest i oentgenogram 

Case 6 (Figure 6) A 40 jear old white woman had a severe gimding pain behind the 
\iphoid process five weeks pnor to admission At the same time she developed a cough 
w Inch w as deep seated and paroxi smal Tw o w ceks later she had an identical attack and 
e\pectoiated some pus and sever il small pieces of calcium One hour pnor to admission 
she had anothei coughing attack with substern il pain dunng which she had an hemoptisis 
which filled an emesis basin -kfter hospitalization the cough subsided consideriblj 



Fig 6 (Case 6) Broncho esophageal fistula secondari to erosion of calcified node into 
the bronchus and esophagus 4fter expectoration of calcium and cauteiiz ition of fistulous 
openings through the bronchoscope and esopliagoscopc, patient made a complete rccovon 

Roentgenographic exaniimtion of the chest levcalcd no abnoiniilitios \ftcr ten dais the 
pvtient began to haic difficult! in swallowing and coughed scvcich after eating and drink 
mg Barium studies of the esophagus reiealcd a definite tracheo esophigoal fistuli ap 
proximateh it the level of the bifurcation of the trachea (figure 6) Through the broncho 
scope, a nipple like protrusion m the posterior w all of the nght mam bronchus immedi iteU 
below the bifurcation w as seen Esophagoscopi rei ealcd a fistul i along the right lateral 
w ill, 30 cm from the teeth Gistrostomi was done Iwo weeks liter the piticnt dcvcl 
oped i lung abscess which was drained sitisfactonh 4,fler three months the fistulous 
tract had healed and the gistrostomj tube was withdrawn For the past four \cars the 
patient has been well 

Case 7 (Figures 7 V and B) worn in, age 25, w is idmitted to the Veter ms Hospital m 
Mai 1947, complaining of a chronic, productn e cough of two i cars’ duration The cough 
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Inil jit liptoim' mou se\cip md the sputum moic inmilcnt On fivesopirite occa- 

sions till pitRnf iinl (xjii'ctoi i(((i i to isjioonful of biight blood liic fiist hcmopfc 3 sis 
oiuirrod in Ocloiior IH'i, ind tin, I ist in \piil 1017 In Octobci 1045, the chest loontgeno- 
grim w IS nepatni', but i sciond c\ munition in Fcbuiaii lOlG levelled a “possible lung 
ibsecss in flu light iiuddle lobt ” \l this tiiiu, the patient had no feici, but i couise of 
pLiiKilliii iiidsuIfoniniidLW isgucii 'Iheii'w is no iinpioi cnieiit cithei clinicalh oi on the 
chest roentgcnogrvin In Noicmlui lOlG, she cxptttoratcd i piece of calcium “one half 
iiieh in til imcter” dong with i t iblespoonful of blood Ouimg hei icccnt idmission the 
pitient hid no fteei 'Iht phisieil t \ iiiiiii itioii \\ is issintidlj negative and tubciclc 
IiKilIi iieie not found in (he s(ni(iini Itooidgeiiogi ipinc c\ uiuii itioii ic\ oiled an atclec 
t Hit niidtlle lobt ind i liigt eikifittl iiotlc neir tlu tuigin of the middle lobe bronchus 
(ligimsT \ ind 111 Uroiuhostope um ded i sleiiotie middle lobe oiifice E\ainiiution 
of 111 iteri il obt lint ti b\ Inopsv of (Ins m i \\ is iitgitui foi tiimoi tissue \.ftci tliiec 
months there w is spout iiuous elt iring of tlit midille lobe itelectisis 






Fig 7 (Case 7) 


V (Left) Vt elect ISIS of (lit nudille lobe ciuscd be eiosion of eilcified node into the 
bronchus 

H (Right) Oblique film on s line p it lent 

Case S (Figures 8 V ind B) A 40 jeii old man was admitted to the Veteians Hospital 
August 5, 1947, complaining of a chionic, pioductive cough since October 1946 At that 
time lie had been idmilted to a hospital with acute sj mptoms of chills, fevei, cough, and 
chest pains A di ignosis of pneumonia was mide and he had been treated with penicillin 
and sulfadianne His acute sj mptoms abated but the chronic, pioductive cough persisted 
Because of this cough lie came to the Veteians Hospital foi treatment The significant 
phjsical findings were confined to the right chest posteriorlj^ In this area there was in- 
crease in tactile fremitus, impairment of lesonance, and depression of breath sounds The 
chest rocntgenogiam revealed an aiea of incieased densit 3 at the right base and numeious 
calcified glands in the legion of the light hilus (figuie 8 A) This w as interpieted as atelec- 
tasis pioduced b 3 the calcified nodes Bionchoscop 3 ’’ revealed a narrowing of the right 
middle lobe bronchus, and a stiidi of the bronchial secietions w as negative for tumoi cells 
The bionchogiam showed an abiupt obstruction of the right middle lobe bronchus with 
pooling of the hpiodol at this point (figure 8 B) Since the piesence of carcinoma could not 
be excluded, thoiacotomv was peifoimed The light middle lobe was complefel 3 atelec- 
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FtG S(CaseS) 

A (Loft) \.telectnsis of the middle lobe ciuscd In erosion of cnlcified node into the 
bronchus 

B (Right) Liter'll film of s ime piticnt iftor injection of lodired oil showing the oc- 
cluded bronchus 



Fig 9 (Cise 9) 


^ (Left) Itelectisis of light upper lobe caused bj perforition of cilcifitd nodes into 
the bronchus 

B (Right) Roentgenogram of same patient after expectoiation of numerous pii tides 
of calcium 
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(ntic Hid inHu c'llcificd nodes \\erc adherent to the ongin of the middle lobe bronchus 
Lobectomy was performed with diflicultj and microscopic examination of the bronchus 
reacalcd onlj granulation tissue The postoperative course was uneventful 

Ca’seS (Figures 9 A and B) A woman, age 40, was first seen in a California clinic on June 
1, 1937 She complained of chest pain of four months’ duration, cough for one month, and 
w eight loss of 20 pounds in six months The phj sicnl examination was essentially negative 
The rocntgcnograpbic cxamin ition revealed a tumor mass at the right superior mediasti- 
num w hich appeared to be a node In addition, there w as an area of increased density 
invoh mg the upper third of the right lung Bronchoscopj revealed the presence of creamy 
pus exuding from a compressed right upper lobe bronchus Examination of the smear re- 
X ealed gram-positn o cocci but no acid-fast organisms The serologic test for syphilis was 
also negatn c The patient was given fifteen courses of deep X-ray therapy and in Septem- 
ber 1937 the dense area in the right upper lobe had decreased considerably so that numerous 
calcium deposits could be seen in the right hilus The cough and pain subsided The pa- 
tient entered the Northwestern clinic in October 1937, complaining that her chest pam and 
cough had reappeared Phx sical examination revealed rhonchi and wheezes over the right 
upper lobe The chest roentgenogram was essentially the same as the last one taken The 
patient w as again treated w ith deep X-raj' therapy and cough medicines The cough per- 
sisted until December 193S, w hen she coughed up a matchbox full of stones This relieved 
her cough for a few months and then it recurred She coughed up stones again in 1940, 1943, 
and in hlay 1944 Her last visit to the clinic was in August 1944 At that time her cough 
was almost gone and bronchoscopj' revealed a normal bronchial tree 

Case 10 A man, age 51, was admitted to the Veterans Hospital complaining of chrome 
cough w ith the expectoration of blood and pus for the past year On several occasions he 
had expectorated calcium plaques together with considerable quantities of blood Roent- 
genographic examination revealed an increased density and numerous calcium deposits in 
the upper part of the left hilus Bronchoscopy revealed a fixation of the left bronchus with 
some distortion and roughemng of the lateral wall above the upper lobe orifice Examina- 
tion of the material obtained by biopsy of this area revealed tumor cells One week after 
admission he coughed up more than a washbasin full of blood and died At autopsy a 
bronchiogenic carcinoma was found in the left upper lobe 

SUMMARY 

A senes of cases illustrating x^anous nontuberculous complications of calcified 
hilus IjTuph nodes is presented The sjouptoms and the clmical and roent- 
genologic findings of this entity can simulate every type of acute and chrome 
bronchial and pulmonary disease Basically, all of the findings are caused by 
bronchial ulceration, narrowing, and occlusion The choice of treatment is 
decided on the basis of the nature and extent of the accompanying pulmonary 
mjection 

SUMARIO 

Comphcaciones No Tuberculosas Tardias de los Ganghos LtnfdUcos Calcificados 

del Htho 

Pres6ntase una sene de casos que demuestran varias comphcaciones no tuber- 
culosas de los ganghos Imfaticos calcificados del hiho La semiologia y los 
hallazgos clinicos y roentgenoldgicos pueden simular cuanta vanedad existe de 
afeccidn bronquial y pulmonar, ya aguda o crdnica En el fondo, todos los 
hallazgos son ocasionados por tilcera, estenosis y oclusidn bronquial La 
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selccci6n del tratamiento se basa cn la natuialeza y evtensidn de la mfeccidn 
pulmonar concomitante 


REFERENCES 

(1) Le Blond, G Rcchorches sur unc capecc dc phthisic, et cetera. These de Pans, 1S24, 

1S4, No 63 

(2) LaenneCjR T H a Treatise on Diseases of the Chest, 2nd cd Translated bj John 

Forbes, London, T &.G Undernood, 1827, pp 139,380 

(3) PAnnoT, M Compt rend Soc dc biol , 1876, S8, 308 

(4) PoULALiON, SAM Lcs pierrcs du poumon, ct cetera, These de Pans, 1891, p 364 

(5) Kess, G Do L’hdr^ditd Pnrasitaire de la Tuberculosc Humainc, Pans, 1898 

(6) Kent, E M Bronchial obstruction and pulmonarj atelectasis Am Rev Tuberc , 

1942, 46, 524 

(7) LiGnnvooD, R , and Wilson, R Massive atelectatic bronchiectasis associated with 

bronchial stenosis. Arch Dis Childhood, 1936, 11, 321 

(8) Hughes, J G , and Simpson, W L Bronchiectasis following atelectasis in tubercu- 

losis of infancy, J Pcdiat , 1940, 17, 197 

(9) Huizinga, E Bronchiektasic Nach Bronchusierschluss Durch Eine TuberkulSse 

Hilusdnlse, Acta radiol , 1940, 21, 392 

(10) Moniov, R Phthisiologia Scu Evcrcitationes de Phthisie, London, S Smith, 1089, 

p 266 

(11) Boeehaave, H Academical Lectures, London, W I Innys, 1746, p 51 

(12) Morgagni, J B The Seats and Causes of Diseases Translated bj James Hamilton, 

Edinburgh, P Hill, 1795 

(13) Batle, G L Recherches sur la Phthisic Pulmonaire, Pans, ISIO 

(14) Bickel, a , AND Grunmach, E Ueber einen seltcncn Fall nod Steinhusten, Berl 

klin Wchnschr , 1908, 45, 11 

(15) Pritchard, J S Some interesting cases of calcareous degeneration found in the 

thorax. Arch Int hied , 1923, 55, 259 

(16) Pendergrass, E P, and De Lorimier, A A Bronchohths and stone asthma. 

Radiology, 1935, 55, 717 

(17) Pratten, F H Lung stones (pneumoliths) possibly associated with tuberculosis, 

Canad M A J , 1927, 17, 216 

(18) Stivelman, B Bronchohthiasis, Am Rev Tuberc , 1928, IS, 430 

(19) Lloyd, J J Bronchohths, with report of four cases, Am J M Sc , 1930, 179, 694 

(20) Van Ordsthand, J S , Moore, M , Jr , and Harris, A E Bronchohthiasis Report 

of 2 cases, Cleveland Clin Quart , 1942, 9, 36 

(21) Anderson, W S , and Mackey, J B Bronchohthiasis, Dis of Chest, 1944, 10, 427 

(22) Eluott, a R Bronchohthiasis JAMA, 1922, 79, 1131 

(23) Myers, D W Bronchohthiasis, Dis of Chest, 1940, 6, 269 

(24) Tinney, W S , AND hloERSCH, H J Bronchohthiasis, Surg Chn North America, 

1944, 830 

(25) Maytum, C K , AND Vinson, P P Pulmonary calcification simulating primary 

bronchial carcinoma, M Chn North Amenca, 1932, 15, 1551 

(26) Nelson, H P The tracheo bronchial lymphatic glands, J Anat , 1932, 66, Part 2, 

228 

(27) Paunz, M tlber die Erfolge der Direkten Tracheo-Bronchoskop 3 , Ztschr f Hals , 

Nasen u Ohrenn , 1923, 4i 27 

(28) Schick, B Exspiratorisches Keuchen als Symptom der Lungendnisentuberkulose im 

ersten Lebensjahre, Wien klin Wchnschr , 1910, S3, 153 

(29) Engel, S Handbuch der Kindertuberculose, Leipzig, George Thieme, 1930, 1, 314 

(30) Petot, C L’adenopathi mediastine, et cetera. Pans Thesis, 1928, 34 

(31) Auerbach, 0 Perforation of tuberculous lymph nodes into the trachea and bronchi. 

Arch Otolarj ng , 1944, 39, 527 



OBSERVATIONS ON LOWER LOBE DISEASE IN PULMONARY 

TUBERCULOSIS! 

J R VWAS AND C A LAUBACH, JR 
(Received for publication May 20, 1948) 

Introduction 

Some sixty years ago Ividd (1) and Fowler (2) recognized that the lower lobe 
could be the site of the initial reinfection lesion in pulmonary tuberculosis 
Study in the ensuing 3 ears confirmed their obserr-ations Particularly in the 
last tu 0 decades, judging by the increasing frequency of reports on this subject, 
theie has been a grouing interest in this phase of tuberculosis 
Recently the authors had a rather large cross section of pulmonary tuberculosis 
a^ ailable, dunng a penod of service at a former Army General HospitaP With 
an interest in lower lobe disease, a study of the case files of the chest service at 
this hospital co\ enng a three 3'ear penod® was done Its purpose was to observe 
the incidence and results of tieatment in an all male group of military age as 
compared to the reports in the literature 
Dcfimiion By pure anatomical definition, lower lobe v ould refer only to the 
postenor inferior lobes of the lung However, at this institution the term was 
used to include the nght middle lobe as veil From a practical pomt of view, 
disease in the nght middle lobe presents problems comparable to those associated 
mth basilar disease Realizing that the lingula could be considered the left 
“middle lobe,” the authors kept this anatomical factor in mind In reviewing 
the follouang cases, no instance could be found where the initial lesion was 
demonstrated m this portion of the lung field 
The scope of this study has been confined to those cases with defimte roent- 
genological evidence that the initial lesion occurred in the right middle lobe, or 
the nght or left lower lobes Likewise, in the cases considered from the stand- 
point of the results of treatment, the predominant involvement was m the lower 
lobe, even though senal films showed dissemination of a lesser degree to the upper 
lung fields 

Observations 

General incidence A review was made of 2,784 successive cases of tuberculosis 
in which the diagnosis had been definitely established at the time of discharge 
or transfer from Bruns General Hospital All of the patients were males In 
2,777 cases the tuberculosis was considered to be of reinfection type, in the re- 
mainder the infection was in the form of a pnmary complex Guided by the 
foregoing definition, 90 cases of lower lobe disease were found This represented 
3 2 per cent of the entire group (figure 1) Eighty-five infections were classified 
as reinfection type, or 3 1 per cent of the total reinfection group 

1 From the Bruns General Hospital, Santa Fe, New Mexico 
“ Bruns General Hospital, Santa Fe, N M 
’ August, 1943 to August, 1946 
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Di^lnbuljon of h^ton'i Tlic mnjonfi of Ihc Ir-'ions iiorc in tho right nnd left 
lower lob(H The right lower lobe was more frequent h the ‘-ite of initi il iin ohe- 
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Fig 1 Localization of lesion bi lobe in 2,777 cases of tuberculosis 
Fig 2 Ninetj cases of loner lobe tuberculosis Distribution of lesions betwcon right 
middle and both lower lobes 

Fig 3 Ninotj' cases of loner lobe tuberculosis Localization of lesion within the lobe 

first appeared in tbe ngbt lower lobe and in 37 cases the first lesion was m the 
left longer lobe The initial lesion occuned in the light middle lobe in onlj' 4 
instances (figure 2) 

Location of disease process within the individual loibc This particular question 
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was studied to determine whether theie was any selective distribution in lower 
lobe disease Analysis as to whether the extent of the involvement was pre- 
dommantty in the upper half or the lower half was earned out Eighty-nme of 
the 90 case records presented suflBcient information to permit this classification 
The upper half of the lobe was involved twice as frequently as the lowei half 
Forty-six had upper lobe distribution In contrast, 23 demonstrated lower half 
involvement Of the lemamder, 20 showed no specific selection but involved 
the entire lobe (figure 3) 

Radiopathological description In 62 (72 9 per cent) of the reinfection cases, 
cavitar 5 ’- disease was evident on the first chest film obtained after hospitalization 
In the remainder (27 1 per cent) only infiltrations were present There was no 
unusual incidence of cavitatmn m any particular lobe 

Qualitatively, there was nothing characteristic of the infiltrations m the lower 
lobes As might be expected, the majonty (53) were interpreted as “mixed” 
disease Twenty were considered to be “productive” and 5 “exudative” The 
only “calcific” lesions were the 5 pnmary complexes The remaining records 
(7) were not classified m this respect 

Race and age As compared to the overall pulmonary tuberculosis census of the 
hospital, there was no difference m the incidence of lower lobe disease with regard 
to race or age Similarly, there was no specific lobe distribution The series 
included 18 Negroes, 2 Eskimos, and one Indian The age range was 18 to 46 
years, the average was 25 years 

RESULTS OP TREATMENT 

The results of treatment were studied with reference to the factors of incidence 
and also the types of treatment used 

It was appreciated that the period of observation was short The time ranged 
from one month to two years, the average being nine months to one year As 
final military disposition divided this group into numberous destmationsS it 
was considered unhkely that final observation as a unit would ever be possible 
Theiefore, a report of the results observed in this relatively brief period of obser- 
vation seemed ]ustifiable 

Results with Reference to Factors of Incidence 

Relation to involved lobe The lobe involved offered no prognostic clue In 32 
(65 1 per cent) of the 49 cases with right lower lobe involvement, the disease 
improved There vas no significant difference with the left lower lobe lesions 
which showed improvement m 26 of the 37 cases 

Location of disease process within the individual lobe The particular location of 
the lesion within the lobe was likewise of no prognostic value Of 62 lesions that 
showed improvement, 32 (51 6 pei cent) were located in the upper half of the 
involved lobe The other 30 were equally distributed between those cases which 

* Seventy-six of these patients were transferred to other sanitoriums to continue treat- 
ment, 5 were returned to duty with healed pnmary disease, and 9 separated from militarj 
service with inactive disease 
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Itnohod {ho lower half of (he lobe and those ca^cs wiih jn\ohomcnt throughout 
the lobe lakewj’sc, there was no apparent relationship between lack of impro\c- 
nient and location of the lesion withm the lobe In thirteen (01 0 per cent) of 
the 21 patients whoso disease failed to impro\ e, the predominant jn\ oh ement was 
m the upper half of the lobe 

Race Tiie tuberculosis had an tinfa\ orablc cour-c in the 2 Eskimos in this 
group of patients One had moderateh advanced disease, the other far ad- 
vanced Both were treated onlj with bed rest Bith this possible ovception 
there was no correlation between the results of treatment and racial tv pcs 

.l^c No significant correlation was noted between the clinical course of the 
lower lobe disease and the age of (he patient The average ago for those who 
improved was 21 C vears, with a range from 19 to 39 jears The average age 
for those with an unfav orablc course was 25 S j ears, ujth a range from IS to 4G 
5 cars 

ResuUs Analyzed According to Types of Treatment 

Method of Study Three major groupi coutet !>c defined, determined bv the tjpes of 
thcrapj >n frequent u'C (/) bed rest ntonc, (f) pneumothorax, and (S) lobectomv 

Several other procedures, pneumopcntoncum, phrenic ncr\c interruption, and the com- 
bination of these two, formed n misccUnncous group 

Bach of these groups wna divided into two categories those coses showing improvement, 
and those eases showing no improvement (including progressive disease) 

The entena for improvement included one or more of the following points 

1 Clinical improvement, os judged bj gain in weight, absence of fever, and decrease to 
absence of sputum and cough 

2 Roentgenological improvement as evidenced bj stud^ of serial roentgenograms 

3 DiEappearancc of acid fast bacilli from sputum examined after concentrations 

Individual reference was noted in the response of cavntarj disease to treatment The 

group was studied wnth regard to sire of cavitj (diameter) prior to treatment, degree of 
cavitj closure, and reversal of infcctiousness 

Comparison of results obtained by various methods of treatment Iraprov ement 
in the course of the disease occurred in 41 (71 9 per cent) of the 57 patients 
treated with bed rest alone, 13 (6S 1 per cent) of the 19 treated wath pneumo- 
thorax, and G (85 7 per cent) of the 7 patients in whom lobectomy was performed 
(figure 4) 

On study of the results of treatment with reference to the indiv idual points 
mentioned under entena for improvement, it was the wnters’ impression that 
pneumothorax and lobectom}' effected a greater degree of improv'ement than bed 
rest alone There was clinical as well as roentgenological improvement in the 
lesions of those 19 patients who showed improvement wath pneumothorax or 
underwent lobectomj' Conversely, in only 36 (87 8 per cent) of the 41 cases in 
which improvement occurred on bed rest alone was there both clinical and roent- 


PiG 4 Results of three forms of treatment of 90 cases of lower lobe tuberculosis 
Fig 5 Clinical, roentgenologic and bactcnologic results of three forms of treatment of 
lower lobe tuberculosis 

Fig 6 Lower lobe tuberculosis Change in cavity diameter under treatment bj bed 
rest 
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genological improvement Of the remainder of this “bed rest” group onh' 
clinical improvement was obsen-ed in 3 cases and onlj roentgenological evidence 
of improvement in tivo others 

In all of the cases in the pneumothorav and lobectomy groups the sputum vas 
positive for tubercle bacilli pnor to treatment Tubercle bacilli disappeared from 
the sputum in 10 of the 13 patients v hose disease impro\ ed with pneumothorav 
and in 4 of the 6 with improvement after lobectomy In the “bed rest” group, 
30 of the 41 patients whose disease improved had tubercle bacilli m the sputum 
on the initial examination, and m 9 of the 30 the sputum subsequently was nega- 
tive for tubercle bacilli (figure 5) 

Response of Cavitary Disease There were 48 patients with caiitao’’ disease 
The diameter of the cavity was recorded m 42 cases It ranged from 2 to 5 cm 
The average was 3 1 cm 

There was no correlation between size of cavitj' and therapeutic response 
Twent 3 ’’-eight cases w^ere treated hy onlj’- bed rest, 18 impro\ed, 10 did not im- 
prove Twelve of those that improved and 7 of the unimproi ed cases had an 
average range m cavity diameter of 2 to 3 cm The remainder of each group had 
a range of 4 to 5 cm (figure 6) The cavity diameter m 6 of the 10 cases that 
improved with pneumothorax ranged between 2 to 3 cm , m the remainder, the 
ca^’^tles were 4 to 5 cm m diameter In 2 of the 4 patients whose disease failed 
to improve, canties 3 cm m diameter were present, and m the other 2, the cantics 
were 5 cm m diameter (figure 7) 

Pneumothorax appeared to be more effective in obtaining cavitj closure and 
sputum “conversion” than bed rest alone Cavit}’ closure occurred m oni\ 2 of 
the 20 cases of cavitarj^ disease m which improiemcnt occurred on bod rest, 
while this objective was attained m 8 of the 10 cases that received pneumothorax 
Sputum “conversion” occurred m 5 cases treated onh* with bed rest and m 7 of 
the pneumothorax cases (figuies 8 and 9) 

Pneuinopcnloneinn and phrenic interruption Pneumoperitoneum and phreoic 
interruption w ore used m onh 5 cases Possibh* one of the reason'^ vln tlic,-*^ 
procedures were not used more frequenth* was that the conscious of op, mo i at 
the weekh* chest conferences, where theraiw for the caso^ wi'- tii'^cu-'^a ud 
decided, did not fax or these procedures wath the same enthusn'-m as might be 
held bx* others 

Three patients with cax itarx* disease xxcrc selected for pneumop^ntonoara In 
one diaphrigraatic parah'sis xx as present and, m the others no phremr nt'Tmn 
tion xx as performed The tax itx* diameter ranged from 2 5 to 1 cm Ml ca* 
xxcre located m the upper half of the left loner lobe Xoae of tlw ca > - df*:. <>* - 
strated aiix* improx cment after four to six month« of ob-erx t on unde »• >- rb J'f- 

-Vnother 2 receix ed phrenic interruption alone Iloth h u! cax i'* ”x no i-* t 

Fir 7 Ix)\\cr lob' tuborcu’o‘-i>- Conipar.'oi of 1 1 ,-' ta ra. < ' ' 

nfler treatment with Iwd rc=t o’- p^eumotho-ax ^ ^ 

Fig S IxiVTorlolio tubpri ulo'ic C'e"'pa-i‘:oaef c’ -* tc* la r-Mt d a'r,' > ' a 

trextinont with bod ro^l o- paoumot? o'ax 

Fic 1 Bactonolopic rc-^uUs o! ta at rat r I'h i e' ; " 
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the upper half of the left lower lobe, and the ca%nties ranged from 2 to 3 cm m 
diameter No change m the status of the disease was noted after approximately 
four months of therapy 


Discussion 

In this study the general incidence (3 1 per cent) of reinfection tj^ie of lower 
lobe disease compared favorably with other reported studies According to 
Eomendick, Fnedman and Schwartz (3), the incidence may vaiy from 0 003 per 
cent to IS 3 per cent In their own senes of 2,354 cases, 63 (2 7 per cent) had 
lower lobe disease Lathrop and Lyman (4) found an incidence of 3 1 per cent, 
83 cases in a senes of 2,809 cases On the other hand, Eeisner (5) reported only 
0 8 per cent lov er lobe involvement, 34 cases in a senes of 4,494 cases 

Incidence of the lower lobe most fiequentl}’- invohed in the present senes 
compared favorablj’’ mth the prenous reports In 54 4 per cent of the present 
senes, the involvement was in the right lower lobe Eomendick el al (3) re- 
ported 58 7 per cent with involvement of the right lower lobe and Hawdans and 
Thomas (6), and Sokoloff (7) also found the right lower lobe more frequently 
involved 

The greater frequency with w'hich tuberculosis occurred in the upper half of 
the low'er lobe has also been noted m other studies Ossen (8) obsen^ed that 
lesions occurred in the apex of the lowei lobe more frequently than m the basilar 
portions Sokoloff (7) reported 10 lesions located close to the root of the lung 
or in the upper third of the lower lobe One of the factors in the pathogenesis of 
this localization might be found in the work of Sweany, Cook and Kegerreis (9) 
They studied the position of pnmaiy cavitation m pulmonarj’- tuberculosis and 
found that the apices of the lower lobes frequently contained the oldest lesion in 
the anatomical specimen Viswanathan (10) discussed the ph 3 ’’siologic mter- 
pretation of the apical localization and beheves it represents a predisposition to 
disease because of inadequate ventilation and poor circulation in the upper por- 
tion of the lower lobe 

The tendency foi lower lobe tuberculosis to become ca^^tar 3 '■ disease (72 9per 
cent of the cases m this senes) is emphasized m other reports in the hteiature 
Eeisner (5) commented that the majonty of his cases had cavernous disease 
Sokoloff (7) obsen-ed m his senes that there w'as a tendency for rapid develop- 
ment of cavernous disease 

The age range, 18 to 46 3 '-ears, with an average of 25 years, followed closety the 
langes stated by othei wnters on this subject Eomendick el al (3) reported 
that 91 5 per cent of their cases were imder 40 5 '-ears of age In Eeisner’s group 
two-thirds were between the ages of 17 and 30 3 ''ears, and Viswanathan (10) 
reported a range of 17 to 42 years Like this study, Eomendick et al (3), Eeisner 
(5), and Weidman and Campbell (11) could find no definite lelationship between 
the lace of the patient and the incidence of lower lobe disease Though this 
series included oiil 3 ’- males, a greater incidence in females is reported in the litera- 
ture (5, 10, 11) 

Weidman and Campbell (11) reported 6 cases treated by only bed rest Four 
obtained a satisfactoiy result, 2 had cavitary involvement Although improve 
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ment w vis noted in 71 9 per cent of the cases in the present stud)’’ treated inth bed 
rest, in onh* 15 of 57 cases nas the icsponsc satisfactoiy AAath clinical and roent- 
genological improvement and sputum “conversion ” Only 2 of this gioup of 15 
had caAitarA’ disease 

There has been considerable difference of opinion as to the choice of collapse 
procedure Pohl (12) mentioned pneumothorax as the preferred treatment 
In contrast, Haw Ians and Thomas (6) reported pneumothoiax ineffective m 11 
of 15 cases of lower lobe tuberculosis Weidman and Campbell (11) stated that 
6 of 15 cases treated by pneumothorax obtained a satisfactor 3 '- result Reisner 
(5) reported pneumothorax effective in 58 per cent of his cases, 11 in a senes of 
19 Of the 19 cases in the present studj'-, 13 showed irapro\ ement, and 10 had 
a satisfactoia* result (clinical and roentgenological improvement vath sputum 
“conversion”) 

Phrenic interruption and pneumoperitoneum vere ineffective in the 5 cases 
in which it was used Hawlans and Thomas (6) contrasted their poor results 
with pneumothorax with the response, including cavity closure, noted in 10 cases 
treated b}' phrenic interniption and pneumopentoneum Thej’’ emphasized the 
ineffectiveness of phrenic mtermption unless supplemented by pneumopen- 
toneum The results of Weidman and Campbell (11) and Reisner (5) supported 
this opimon The former reported that all 4 cases m their senes treated by 
phremc paralysis had poor results Reisner (5) found phremc interruption 
effective in only one of 8 cases so treated 

Carr and Harter (13) recommended pulmonaty resection for that group of 
patients without reasonable hope of cure by collapse therapy In this group 
they also included lower lobe disease not amenable to collapse treatment In a 
senes of GO resections by Overholt and Wilson (14), 10 were lower lobe disease 
All were improved or became clinically well after the procedure although in 5 
the sputum w as positive for tubercle bacilli w’hen the cases were reported In 
Bailey’s (15) senes of 80 resections, 4 were for low^er lobe disease, 2 w^ere improved 
In the lobectomy group discussed in this paper there were 7 patients Six im- 
proved or became clinically well, 2 of these patients had persistently “positive” 
sputum postoperativelj’’ 

In addition to resection, the use of thoracoplasty for lower lobe disease has 
been discussed m the hteiature (3, 7, 16) Freelander (16) suggested its use in 
persistent basal cavities Romendick et al (3) reported 4 cases hy thoraco- 
plasty, onty one became arrested 


SUMIUARY 

Observations on lower lobe involvement in pulmonary tuberculosis are re- 
ported The source of the material consisted of 2,784 successive admissions for 
pulmonary tuberculosis at an Army General Hospital 

1 Low^er lobe disease was found in 85 cases or 3 1 per cent of the group 

2 Disease of the right lower lobe was slightly more frequent than of the left 
lower lobe 

3 The upper half of the involved lobe became the initial focus of the disease 
more often than the basilar portion 
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4 There as a tendency for rapid development of ca%ntai^' disease 

5 Pneumothorax and lobectom 3 ’- vere effective therapeutic adjuncts in this 
group of cases 


SUMAEIO 

Obscrvactones Relahvas a Ja Enfermcdad del Lobulo Inferior en la Tuberculosis 

Pulmonar 

Estas observaciones referentes a la mvasidn del Idbulo infenor en la tubercu- 
losis pulmonar proceden de 2,784 mgresos sucesivos por tuberculosis pulmonar 
en un Hospital General del Ejdrcito E U A 

1 Descubndse afeccidn de los Idbulos infenores en 85 casos, o sea 3 1 por 
ciento del grupo 

2 La enfennedad del Idbulo infenor derecho fud hgeramente mds frecuente 
que la del izquierdo 

3 La mitad supenor del Idbulo afeefcado se convirtid en foco inicial de la 
enfennedad mds a menudo que la porcidn basal 

4 Obsen’-dse tendencia a rdpida fonnacidn de cavemas 

5 En este grupo el neumotdrax y la lobectomla mostraron su efectmdad 
como coad 3 uivantes terapduticos 
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INSULIN IN THE TREATMENT OF TUBERCULOUS PATIENTS WITH 
ANOREXIA -A MODIFIED TECHNIQUEi-i 

PHILIP MORGENSTERN \ni> STEPHEN B DEWING 
(Rcccncd for pubhcation July 7, 194S) 

INTRODtfCnON 

The use of insulin for the treatment of anorcMa and undemutntion m tuber- 
culous patients a\as nidolj’ discussed m both the European and the American 
medical literature fiom 1923 on tlirough the late tlurties (1, 2, 3, 4, 5, 6, 7, 8) 
Although the ma]oritj of authors reported favorable results, others claimed that 
it produced no constant or lasting gam m n eight and did not alter the course of 
the disease Furtheimore, thej’- named of possible deleterious effects of hypo- 
glycemia on the tuberculous process, particularly m cases of exudative disease 
The proponents of insuhn therapj' failed apparently to present a sufficient^ con- 
nnemg case and, instead of becommg widely accepted, the method gradually 
fell into disuse 

Dunng World War II se\ eral thousand cases of anxiety neurosis w ere treated 
with sub-shock doses of insuhn (9, 10) and attention w’as again called to its effi- 
cacy in improvnng appetite and nutntion Insuhn was also found to have a 
noticeable sedatue action “Symptoms of acute anxiety, tremor, perspiration, 
restlessness, and insomma will tend to improve toward the end of the first week” 
(Ivelly and Thompson (11)) 

The idea of using insulin m sub-shock doses to promote weight gam m anorexic 
tuberculous patients was suggested to the present writers by Dr Imng Pme of 
Asheville, North Caiohna, who had noted the enormous weight gam of psychi- 
atric patients recemng large doses of msulm 

It IS not difficult to understand why many a patient in a tuberculosis hospital 
develops anxiety He is aware of the fact that he has a senous chionic disease 
and he may actualty have seen oi knowm others who have died of this disease 
He w orries about his family and how they will manage financially during his pro- 
longed illness He wonders whether he will be able to return to his job and his 
fnends after lecovmrj’-, oi whether he wull be regarded as an outcast The men- 
tion of “thoracoplastj ” produces feai of mutilation and death Pneumothorax 
and pneumopentoneum mean the dreaded needle and the comphcations of which 
he has heard the othei patients tallc A previous hemoptysis or a spontaneous 
pneumothorax may further have implanted the oveipowenng fear of suffocation 
This continued emotional stress helps to explain wffiy some tuberculous patients 
wall continue to eat poorly and lose weight even after all fever has gone and the 

* From the Department of Medicine and Surgery, Veterans Administration, Oteen, North 
Carolina 

" Published with permission of the Chief Medical Officer, Department of Medicine and 
Surgery, Veterans Administration, who assumes no responsibility for the opinions ex- 
pressed or conclusions drawn by the authors 
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pulmonary disease shous clinical and radiologic improvement The habit of 
anorexia has been established and must be broken Insulin treatment is of value 
in “breaking don n the vicious cj’^cle of anxiety and loss of weight” (9) 

OBSERVATIONS 

Technique 

Until non the onlj*^ nay in nliich insulin has been used to produce n eight gain 
has been in small doses given at fairly short intenmls before feedings The 
technique used in this study consisted of giving regular insulm subcutaneously 
m single daity doses, increased daily by 5 or 10 units from a startmg level of 20 
units to as high as 50 or 60 units This final figure has been found to be effective 
in most patients and is contmued for a total period of one to two months The 
insuhn is given to the fasting patient at 6 00 a m and no food is taken until 
breakfast is served at 8 00 a m , by which time a voracious appetite has been 
aroused and occasionally a feehng of faintness A normal hospital meal schedule 
IS resumed for the noon meal at 11 30 a m and supper at 5 00 p m It has been 
found that the mcreased appetite created for breakfast survives to a lesser degree 
for the other meals 


Composition of Clinical Series 

Sixteen white male veterans at Oteen Veterans Administration Hospital, 
rangmg in age from 18 to 35 years, were treated as desenbed These men had 
been hospitahzed at Oteen for penods of six months to four years and all of them 
had received one or more of the following forms of collapse therapy pneumo- 
thorax, pneumopentoneum, phrenic crush, thoracoplasty, and extrapleural lucite 
pack All were afebrile, showed stationai^’' or slowly regressmg disease, and 
complained of poor appetite for the past two to six months 

RESULTS 

Of the 16 patients treated with msulm m sub-shock doses, all registered some 
gam m weight Nme gamed between ten and twenty pounds, and 7 gamed from 
two to nme pounds, m a penod of four weelcs Follow-up observations for six 
to eight weeks after msulm was discontmued show that one-half of the patients 
lost approximately 25 per cent of the weight they had gamed Five patients 
either mamtamed their gam m weight or added further weight Three patients 
left the hospital “AWOL” and their progress could not be followed All of the 
13 patients who remamed m the hospital agreed that their appetite now was 
defimtely better than it had been pnor to receivmg msuhn In none of the 
patients treated was any defimte exacerbation of the tuberculous process noted 
either durmg or six to eight weeks after the course of msuhn therapy 

The foUowong case reports are illustrative of the clmical course observed during 
msulm therapy 


CASE REPORTS 

Case 1 M D , a 35 year old man with known pulmonary tuberculosis for one year, compli- 
cated by left pleural effusion, was treated with bed rest and pneumoperitoneum His appe- 
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tite was poor, particularly at breakfast, at whicb time he would usually take only a cup of 
coffee and a small amount of milk During rest hour he would fidget about in bed and his 
legs Mould jerk aimlessli"^ He complained of frequent heartburn He was started on 20 
units of regular insulin which was increased by 10 units daily up to 50 units once a day 
Beginning on the second day of treatment there was a noticeable increase in appetite, most 
marked at breakfast but to a lesser extent also at the noon and evening meals For break- 
fast the patient w as now able to eat four eggs, five or si\ slices of toast, a glass of fruit juice, 
a bowd of cereal with a glass of milk and a cup of coffee He also noted a definite sedative 
action He slept and rested better and his feet stopped “jumping ” He gained 8 pounds 
in a little less than a month 

Case B F was a 24 year old man w ith knowm tuberculosis for over three years, compli- 
cated by tubeiculous laryngitis which was healed at the time of insulin therapy He had 
fibroexudative disease scattered throughout both lungs, which was satisfactorily treated 
by a combination of left pneumothorax and pneumoperitoneum For about a year before 
treatment his weight remained constant at about 20 pounds below his normal level In late 
November 1947, he began to complain of early morning nausea which grew gradually worse 
until no appi eciable amount of food W'as tolerated by mouth All methods, including intra- 
\ enous feeding, were tried wuthout breaking through the vicious cycle In January 1948, 
insulin was tried, the response was rapid and dramatic The acute episode was aborted and 
a ravenous appetite resulted in a gain in weight from 144 to 164 pounds in a little less than 
two months 

Cases W R was an 18 j'ear old adolescent who had had tuberculosis for one year Sputum 
was positive for tubercle bacilli at the onset, but converted with a nght pneumothorax after 
an open pneumonolj'sis had been performed This patient presented a great behavior 
problem, having had no adequate discipline and guidance He came from a small town in 
Kentucky where almost the only type of occupation available was work in the mines or the 
sawmills, and he felt that his pulmonary disease would prevent hin from handling these 
jobs His horizon extended no further He was extremelj tense, nervous, anxious, and 
insecure Has appetite was very poor, with no response to any medical measures Insulin 
treatment resulted in the creation of an enormous appetite and a gain of 17 pounds in weight 
in one month 

Case 4 F H was a 22 j ear old man with known tuberculosis for seven months, which had 
been adequately treated with left phrenic crush and pneumoperitoneum, with consequent 
reversal of infectiousness The patient claimed that he had been a “good eater” before 
entering the hospital For the previous six months, however, he had suffered from “nervous 
stomach”, poor appetite, and occasional diarrhea Medical measures to stimulate appetite 
were of no avail Insulin resulted in a prompt and marked improvement in appetite and a 
gain in weight of from 117 to 1274 pounds in one and one-half months 

Case 5 W A was a 24 j ear old veteran with known cavitary tuberculosis for four years, 
which had been treated first with left phrenic crush and pneumoperitoneum and then, in 
1947, W'lth a left extrapleural lucite pack which failed to close the cavity Less than a year 
later the lucite balls were removed and a thoracoplastj'' was performed This man had been 
extremely anxious over the long course of his disease without much improvement, and was 
very irritable and fretful Under insulin therapy his mental outlook became dramatically 
better, he was cheerful and cooperative, and he gamed 134 pounds in a little less than one 
month’s time 

Case e J P was a 31 j ear old \ eteran w ith know n far advanced pulmonary tuberculosis for 
over five years, who had been treated successn elj with right pneumothorax, nght thoraco- 
plasty, left pneumothorax, and pneumopentoneum The patient’s chronic illness had re- 
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suited m a weight loss that remained persistently at about 60 pounds below his normal level 
For ton da3s ho was given stonle water injections but was otherwise treated just like the 
other insulin patients This resulted in no subjective improvement and he lost one pound 
On starting insulin in the second week the patient noted at once the effect on his appetite 
and he gained 5 pounds in tno weeks 


TABLE 1 


Weight Data on Patients Treated with Insulin 



I 

n 

III 

IV 

V 

VI 


Norm&l 

weight 

W eight 

OD &d 

mission 

Lowest 

weight 

recorded 

during 

illness 

V eight 
before 
treatment 

Weight 

after 

one 

month of 
treatment 

Net gam 

H 


founds 

pounds 

pounds 

pounds 

pounds 

pounds 

pounds 

M D (1) 

150 

153 

139 

143 

1515 

CO 

153 

B F (2) 

165 

155 

144 

144 

164 

20 

160 

W R (3) 

120 

112 

109 

109 

126 

17 

AWOL 

F H (4) 

135 

120 

117 

117 

1275 

105 

1265 

W A A (5) 

145 

135 

87 

101 

1145 

! 135 

114 

J P (6) 

165 

165 

104 

117J 

123 

55 

124 

JEM (7) 

140 

135 

119 

127 

138 

11 

1345 

L B (8) 

160 

144 

118 

124 

140 

16 

140 

M C (9) 

145 

139 

132 

135 

140 

5 

AWOL 

R C (10) 

143 

129 

119 

1331 

145 

lU 

AWOL 

R H (11) 

155 

98 

98 

122 

130 

8 

128 

J S (12) 

157 

147 

140 

146 

148 

2 

148 

J M (13) 

132 

117 

110 

110 

120 

10 

117 

H G (14) 

160 

113 

112§ 

112§ 

126 

135 

128 

F M (15) 

165 

139 

137 

139 

1425 

35 

1415 

P D (16) 

145 

120 

1195 

1195 

126 

65 

122 


Case 7 J M , a 37 year old man with known pulmonary tuberculosis for five years, was 
treated successively with right pneumothorax, left pneumothorax, nght phremc crush, and 
pneumoperitoneum, and finally with right thoracoplasty and streptomj cm His appetite 
had fallen o5 just before the chest surgery and his weight had dropped from 140 to 127 
pounds He admitted that prior to the thoracoplasty he had worried a great deal about the 
possible physical deformity resulting from the operation Furthermore, he had sustained 
some disturbance of vestibular function as a result of streptomj cm treatment and was much 
concerned about his persistent dizziness On insulin therapy this man gamed 11 pounds 
in one month 

The pertinent weight details on all 16 patients treated with msuhn may be 
seen in table 1 


DISCUSSION 

The method of use of msuhn m these undein eight and anorexic tubeiculous 
patients differs m two major respects from that heretofore emplo 3 '’ed In the 
past it has been the imiform practice to give small doses (3 to 20 units) from 
tventy to forty-five minutes before meals, tvo or three times a day In the 
present study smgle, daily, relatively large (50 to 60 units) “sub-shock” doses 
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Inx 0 been ci\ rn on in cmi)t\ sSoniK h in the rnrh morning ith bro'ilvfnst “^cn eel 
nbont t\%o hour-' inter 

Thi'' innhor iln e uni the eichn InMv.oon injection uni fcotlint' imunllv allow the 
Worn! ‘•net ir to fall to niaint To ner tent of it'^ noninil \ nine It i'^ well t nlnlihshcd 
that a 2*j jv'n ont t ill m blood > ue irlevel will inthuc marked piatnc t-ecrclion and 
ntntihlN i'I2 I’t'i It i*- interest injr that pin smloj'ists inue lonp; known (hat thc'^c 
elTtvls retjnm' at lenst so\enn fiie to ninet\ minute^ to reaeh their peak, yet 
mo't rhnieal lineal nr.jtors m n'jiortini: the use of msuhn for apjiclito slimulalion 
ha\e allowcHl onl\ t.venti to forlj-fne minute'? lietween injection and feeding, 
which has not pennitted mavimnm henrfil In (ho present ‘•Uuh , the patients’ 
appetite and hunger uureistMl to a peik at nhout two hours after injection, suc- 
ceed eti In faintiips'. if fofxl wji^ withheld Hi sen mg footl when the ‘^ubjectu e 
desire font was greate t,a\er\ sitisf-jeton increase m foofl intake was achicicd 

In addition to stimulating hunger through mercased gasftic setrcUons and 
contractions, insulin in suh shock doses ma^ abo contribute toward weight gam 
bv its sedatuo effect on the patient Most of the subjects noted a definite de- 
crease in their resile-' fidgrting m bed and useless aetnitj on the ward Some 
were able to redtico or dispense witli sedatuo dnigs which thc\ had been taking 
rrlher regiilarli \ few sho.ied marked improiemonl m general outlook, with 
disappearance of main \ ague In poclirondnnral romplamts In this connection, 
howei cr. it is necossan to eniph.isiro the fact that, in the presence of well-estab- 
lished pr‘rsonalit\ disorders, no fundamental change can be cvpccted from sub- 
shock doses of insulin (11 11) 

The durv''tion of the course of treatment with insulin was arbitrarjf The 
patients were treitcd for one to two months, but courses lasting seieral months 
or repeated cour=cs of one or two months \Mth a month off m between have been 
used w ith the old technique (0) Tins i-eems to be a matter of individual adjust- 
ment There is htile to ho gamed from continuing the course aflei the patient 
has reached Jus prc\ lous normal ic\ cl of woiglit or wlicn he lias become stabilized 
and ceasci; to gam further If jiushcd up bciond his normal level, the absolute 
increment is apt to be lo^sl is soon as treatment is terminated 

In aiu regimen of tro itment , the role of suggestion is not to be underestimated 
It has indeed been claimed (la) that insulin could not do moie for anorexia and 
undemutntion than w ould a good diet and amjde encouragement In the cases 
here described, liowever, tlie diet was constant before, dining, and after treat- 
ment, and suggestion, as well as miscellaneous medical measuies (vitamins, 
"tonics,” ct cetera), had been tried without success We feel that the insulin 
regimen abruptly breaks tin ough a habit pattern of wmny and chronic poor appe- 
tite, resulting in immediate weight gain (14, 16) The immense psychic boost of 
Icnowing that one is gaming w eight and piesumably getting generally better plays 
a considerable part, once the treatment is well under w^ay, in perpetuating the 
weight gam, raamtammg better appetite after treatment, and improving the 
w'hole mental outlook In one case cited, suggestion combined with steiile w'ater 
injections were used for ten days w^ith no improvement (the w'eight diopped one 
pound) , but when insulin was substituted for sterile w ater (unbelcnowm to the 
patient) an increase in appetite was noted at once with resultant gam m weight 
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If Ii-I-; boon Mipcc^lod nt \anoim that the woplit gain of inculin-lreated 
p-ifu'nl'^ (onsisfs largoh of Malor rotcntion, anti as cucli js of no ladling talue 
Carofnl tmlics of \\ ator Inlanco (171, ho\\o\cr, show that thisjcnol the case 

Sonic wnteis (IS, 2) h-no loicetl wannngs about pos-jldo dclclcnous cfTccts of 
in-uhn in nondinbotirs Hie sutmc-finn that it niiplil indute disturbance of 
noin' d cndotnno functions through suppression of islet cell actnitj has nc\cr 
been pubstantmted, and Allen (10) sf.vtc'. catcgoricalh that be has heard of no 
insfantc of do\clopniont of diabetes or of ain other endocrine disorder In the 
past, insulin has been gi\en o\or c\tensi\o pcnotls for main months, either con- 
tinuoush or m repeated courses, with no ill cfTccts obscracd (20, 21) In a dis- 
ease like tuberculosis, the principal deterrent to the use of insulin has been the 
fear that ha pogh ceniia ina\ initiate exacerbations of ewidatnc lesions The 
mechanism of such exacerbation has nc\cr been clcarlj described and the feeling 
seems to be based on a few isolated reports of spread or hemorrhage while under 
insulin therapx Closer scnitmx rc\cals that these wgre usiiall}' cases of actnc 
exudatue or caxitarv disease, m a certain number of which spreads and hemop- 
tj-cs max* bo expected to occur with am t 5 pe of treatment Xo study has oxer 
proxed that the incidence of such complications was anx liighci m the insulin- 
treated senes than in a comparable nontreat ed group Xex ertheless, how ex er 
dubious the danger may be, it is one that cannot be absolutolx' excluded There- 
fore, the patients for this studx x\ ere chosen, not ns a cross-section of tuberculosis 
sufferers, but as those most hkclx’ to be benefited, omitting all x\ho might con- 
ccix ably bo adx ersoly afTccted bx insulin The group cho'cn consisted of fair!} 
young men x\ho xxcre afcbnle, in xxhom tuberculosis was eithci stationarj- or 
graduallx impioxing, wlio wore anorexic and considcrabh' below their normal 
XX eight, and who had not shoxxTi anj tendenej to gam weight under conserxatixe 
management Those excluded xxeie patients xxith actixe exudatixe pulraonarj 
disease, patients xxath definite tuberculous enteritis, patients ox'er 45, those with 
organic heart disease, and those xxho displaxed sensitixit 5 to insulin All pa- 
tients treated xxero under close superxasion, and adequate materials w ere kept at 
hand foi prompt oral oi intrax enous administration of glucose in case of insulin 
shock With the doses used, no instance of insulin shock has |been encountered 
in the piesent gioup of patients 

SmiMAnX' AXD COXCLUSIOXS 

1 Tlie use of regular insulin in sub-shock doses to stimulate appetite and 
w eight gam in anorexie tuberculous patients has been discussed 

2 The element of anxiety is an important factor m the mechanism of anorexia 
in these cases 

3 Sixteen patients w ere treated for one month wath single daily doses of 50 
units of insulin Weight gams xx^ere recorded m all patients, and 9 gained be- 
tween 10 and 20 pounds 

4 It IS behex^ed that m properly selected cases of quiescent tuberculosis, w lieie 
anoiexia and failure to gam weight are a prominent part of the clmical picture, 
insulin m sub-shock doses is a valuable adjunct in treatment, and is wathout anj’^ 
appreciable danger 
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POMMUO -i CONCEESIOVFS 

La lusuhm ai cl Tralavncnto dc /o'; Tuhcrcido'^os Aiior^xicos — Thmca Modificada 

1 DiecutC'C cl cniplco do la msulina corncntc a clo'^is sub-choquc para exci- 
tar cl apctjto ^ numcutar cl po'-o cn los tuberculo'^os con anorexia 

2 El elomonto dc nn<ie<lad c^^ un impoitantc factor en el mecanisnio de la 
anorexia cn c-'lo^ cabO'- 

3 Dicci«6is enfermos fucron t rat ados por nn mes con dosis diaiias unicas de 
oO nnidadc^ de insulina, notjindo^c cn lodos aumento dc peso, que cn nueve 
rcprcicntd dc unos } 5 a b kg 

1 Parcce que, cn casos dcbidamente fcclcccionados de tuberculosis quiescente, 
en los quo la anorexia v la falta dc aumento de peso constitin cn parte destacada 
del cuadro clinico, la insulina a dosis dc sub-cboque cs un valioso coadyuvante 
tcrapdutico “^in quo entranc ric-'go aprcciablc 
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REPORT OP CASES 

Case 1 A student nurse, iged 21 jears, registered at the hlayo Clinic for loutme annual 
phjsical examination on A.piil S, 1943 Routine roentgenogi ams of the chest revealed a 
minimal tubci culous lesion in the ujiiier pai t of the i ight lung (figui e la) Roentgenograms 
in 1940 and 1942 had revealed no abnoimality The patient uas sent to Mineial Spnngs 
Sanatorium in hlay 1943 Tubci cle bacilli were demonstrated by inoculation of guinea 
pigs uith mateiial obtained fiom the stomach duiing fasting Treatment consisting of 
lest in bed uos caiiied out and the appeal ance of the lesion impioved piogiessively The 
patient u as dismissed fi om the san atoi mm on June 5, 1944 Reactivation of the lesion u as 
noted on a loentgenogram made in December 1944, and she was leadmitted to the sana 
toi lum At this time moderately advanced tuberculosis of the upper pai t of the i ight lung 
and a small minimal lesion on the left w ci e present Pneumothoi ax w as instituted on the 
light side After collapse, apparent atelectasis of the light uppci lobe was noted (figui e 
lb) The patient complained of whecring lespiiation, and bionchoscopic examination 
was earned out in hlarch 1945 Ulcciation was noted in the iiglit main bronchus and on 
the light lateial aspect of the lower pait of the tiachea (figui e 2) There w'as a definite 
stiictuie of the light main bionchus 

The patient i cturned to the clinic and w is hospitalized in Mai ch 1945 Ti eatment wuth 
0 5 Gm of stieptomjcin aeiosol dailj and 1 2 Gm of stieptomxcin by intramusculai in- 
jection daily w as instituted She lemained undci ti eatment for one month Subsequent 
bionchoscopic examinations showed piogiessive impiovement with healing of ulcciation 
and inflammatoi j icaction within five weeks aftei theiapi was begun Aftei her leturn 
to the sanatorium in Apiil 1945, 2 Gm of stieptomjcin were given iiiti amusculai ly each 
daj foi the next three months 

Bi onchoscopic examination has been lepeatcd at legulai intei vals in the past three years 
and theie has been no i etui n of ulcei ation A stricture of the i ight mam bionchus i educes 
its lumen to half not mal size The atelectasis of the i ight uppei lobe disappeai ed, how ever, 
when the pneumothorax was discontinued (figure 3) The patient leturned to the school 
of nui sing in July 1947, and was w 01 king full time in Julj 104S, ovei three yeais since appar- 
ent healing of the bionchial tuberculosis Repeated cultuies of gastric contents obtained 
during fasting have been negative foi tubercle bacilli 

Case 2 A woman, 37 joais old, legisteied at the clinic on November 15, 1945 In the three 
yeais piioi to coming to the clinic she had had seveial episodes of cough, wheezing, and 
difficult lespiration She had spent two yeais in a sanatorium because of tubeiculosis 
Although the roentgenogi am levealed only a miniinal lesion at the apex of the left lung 
(figure 4), hei sputum was consistentlj'' positive for tubeicle bacilli Bronchoscopic ex- 
amination performed at the sanatoiium one year pievious to hei visit to the clinic had re- 
vealed a tuberculous lesion of the left main and left uppei lobe bronchi Ti eatment had 
consisted of local application of 30 per cent silvei nitrate Although subsequent examina- 
tions showed evidence of impiovement, the sputum had lemamed positive for tubeicle 
bacilli and symptoms of bronchial obstruction had lecuiied 

Genei al examination i evealed nothing of significance except foi a slight w heezing i aspira- 
tion Diiect smears of the sputum levealed acid-fast bacilli The sedimentation rite 
was GO mm in one houi (Westeigien) At bionchoscopic examination, a nodulai ulccrat 
mg lesion w as found on the left lateral w all of the trachea just ibove the c ii ina (figui c o) 
Considei able gi anulation tissue w as removed 

The patient was admitted to the hospital wheie sti eptomj^cm thei ipy was administered 
foi sixtj-four days One giam was given bv inti amuscular injection each day and 0 5 
Gm bj’’ nebulization Bionchoscopic examinations weic pei formed at inteivals of two 
w eeks Impi ovement w as i apid and pi ogi essive Aftei a month of ti eatment the tracheo- 
bronchial tiee was jiiactically noimil except for slight distoition of the oiifice of the left 
mam bionchus Repeated bionchoscopic examin itions have been earned out ever since 
and her impiovement has been maintained 



Figs 1-3 


Fig 1 (CISC 1) a (Upper left) April S, 1943, minimal active pulmonaiy tuberculosis 
at the level of the second inteispace anteiiorly in the right lung b (Upper right) Febru- 
aiy 9, 1945, right pneumothorax for reactivated pulmonarj tuberculosis Atelectasis of 
light upper lobe Minimal tuberculous lesions at the level of the second interspace 
anteriorly in the left lung 

Fig 2 (case 1) (Lower left) The bronchial tree Aieas raaiked with heavy black ink 
indicate distiibution of tubeiculous tracheobronchial lesions visualized at bionchoscopic 
examination 

Fig 3 (case 1) (Low ei right) November 13, 1945 Five months aftersti eptomycinthei- 
ap} was discontinued Chest negative except for residual lineai fibiosis light uppei lung 
field 

Daily examinations of sputum were earned out duiing tieatment Tubeicle bacilli 
weie found for two weeks after theiapj was instituted but since then the sputum has been 
consistently negative Guinea pigs inoculated with her fasting gastric content on several 
occasions since tieatment have not developed tubeiculosis Sedimentation latc has 
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dropped to IS inin ppi houi Tlieie h is been no evidence of recut lence of tuberculosis up 
to tlic pichcnt tune (Juh lOlS), two je us ind seven months since the bionchial lesion ap 
pc lied to h i\c he iled 

CdfcS Amuse, 40 jeusof igc legisteicd it the olinic on September 10, 1946 Pulmonaiy 
tubeiculosib md tuberculous lujngitis had developed in 1932 Aftei sevcial months of 
lest in bed itid silence thei ipi , the tubei citlosis w is consideied ai rested and she letuined 
tohci woik isamiise She i cm lined well until AI ij" 1940, when a loutine roentgenogi am 
of the chest i ei ealed i cactn it ion of tubci cnlosis in the apc\ of the left lung Rest in bed 
w is adMsed The sputum cont uned tubercle bacilli Tow aid the end of May 1946, 
wheering, djspnea, and pain in the tliioat dcacloped Bi onchoscopic examination le- 
^ ealed in ulcei itnc process in the lower pai t of the trachea and m the right mam bronchus, 



Figs 4-5 

Fig 4 (case 2) (Left) Novembei 16, 1945, minimal tubei culous lesion m apex of left lung 
Fig 5 (case 2) (Right) The bronchial tree Aiea maiked with heavy black ink indi- 
cates distiibution of tubei culous ti acheobroiichial lesion visualized at bronchoscopic ex- 
amination 


w ith considerable n in ow ing of the oi ifice of the i ight main bi onchus Subsequent progress 
w as not favorable and because of fevei , increasing dj spne i and w'heezmg, she w as sent to 
the clinic foi tieatment 

On iinval on Septembei 10, 1946, she was hospitalized Respirations were maikedly 
obsti ucted and she w as obviously ill Acid-fast bacilli w ei e demonsti ated on direct smear 
of sputum The sedimentation 1 ate was 51 mm in one houi (Westergren) Roentgeno- 
gi ams of the chest revealed a minimal degree of tubei culosis in the apex of the left lung and 
at the level of the left first mtei space anterioi ly (figui e 6) On bronchoscopic examination 
an extensive ulcei ating process w as found in the low er part of the trachea The ulcei ition 
extended into the left mam, left uppei , and left lowei lobe bronchi (figure 7) The ulcei s 
weit coveied with gi inulations and i tenacious gray mucus There w is an inflanim itorj 

sti icture of the 1 ight mam bronchus w Inch 1 educed the orifice to adiametei of 5 mm The 
mucos i neai the carma w as studded w ith nodules w Inch gt osslj appeal ed to be tubercles 
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Considerable granulation tissue and secietionu ere removed indrau bleeding surfaces ere 
left The patient v as able to breathe much better at the conclusion of the examination 
Treatment vith stieptomj cm vas instituted on September 12, 194G, and continued foi 
se%’-enty-si\ da} s Stieptoni} cm, 1 5 Gm in divided doses, was administered b} intranius- 
culai injection dailj One-half gram dissolved in 10 cc of saline solution vas nebulized 
and given each daj by inhalation Daily examinations of sputum neie carried 
out Nearl}^ all specimens v ere positive for tubercle bacilli for the first month of treatment 
After that it became difficult to demonstrate tubercle bacilli by concentration methods In 
the last three weeks of her treatment at the clinic, a few bacilli weie demonstrated micio- 
scopicallj’' on two occasions The erjtluoc 3 tc sedimentation late diopped to 15 mm in 
one hour 



Figs 6-7 


Fig 6 (case 3) (Left) Octobei 5, 1946 Minimal tubci culosis m ipe\ of left lung and 
antenoih at lead of the left first intei space 

Fig 7 (case 3) (Right) The bronchial tree Vieas maiked with heav\ black ink indi 
cate distribution of tubeiculous ti aclieobroiiciii d lesions iisuilized at bronehoscopic 
examination 

Rither sea ere s} mptoms of lestibular disfuncfion dcicloped after one month of treat 
mcnt with strcptomjcin and it was nccossai \ to discontinue treitmeiit for one week 
Piientoral therapj with 1 5 Gm of streptonncin daili was then resumed but no fuithei 
di ug w as gn cn b\ inh i! vtion 

Bionchoscopic oxaminition, perfoimed two weeks ifter streptonncin thciapi was be 
gun, icicaled striking improacment The iilceis had disippeared from the trachei and 
weic less marked in the left mam and lowci lobe bionchi Continued improicment was 
obsen ed at subsequent bronehoscopic examinations and at the fin il cximination on No 
xcmberlS, 1946, theicwasnoicsidual ulcerition ind the mucos i w as cntirch dean There 
w IS some contraction of the lower pirt of the trichea but the stenosis of the light main 
bronchus w is less matked and the bronchosiope could be pissed into the right lower lolic 
bi onehu" 

Ihe pitient icturnid to the sinitorium ‘•cacnti eight dus iftei registering it tlie 
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dime Frequent reports concerning her progress had been obtained Cultures of sputum 
and of gastric contents have been carried out repeatedly but none have been positive for 
tubercle bacilli Bronchoscopic examinations performed at intervals have revealed that 
her improvement has been maintained, although she has some cicatricial contraction of 
the lower part of the trachea and the right main bronchus There has been no evidence to 
suggest recurrence of tuberculosis during the one and one-half years smee the bronchial 
lesions appeared to have healed 


COMMENT 

The 3 cases reported demonstrate the prompt and apparently permanent 
healing of ulcerative tuberculosis of the trachea and bronchi which would never 
have been anticipated with any previous method of treatment There has been 
no recurrence of disease in these patients dunng the interval of one and one-half 
to three years of observation since healing was achieved ^ These cases were 
umque in that the parenchymal pulmonary tuberculosis in each was relatively 
minor as compared with the extensive and serious tracheobronchial lesions It 
IS obvious that antibacterial therapy could have no effect on fibrotic stenosis of 
the trachea and bronchi Yet, when the ulceiating mucosal lesions healed in 
these cases, there was much less stenosis than was anticipated, and puhnonarj'' 
resection which had been considered was unnecessary 

Equally dramatic results have been observed in 3 additional cases Two of 
these patients had had thoracoplasty previously for extensive parenchymal 
disease but bronchial ulceration had persisted and probably had progressed 
Prompt heahng of the bronchial ulceration was observed after treatment with 
streptomycin but considerable fibrotic stenosis persisted Cultures of the spu- 
tum and of gastnc contents obtained duiing fasting were converted from “posi- 
tive” to “negative” in both cases The third patient responded favorably to 
treatment for tuberculous disease involving the mucosa of the left main bronchus 
with extensive ulceration and narrowing but eventually required left pneumonec- 
tomy 

The use of streptomycin has appaiently reduced the danger of bronchoscopic 
manipulation and biopsy in the piesence of tuberculosis We no longer hesitate 
to remove granulation tissue from the trachea or bronchi, take specimens for 
biopsy, or dilate stenotic bronchi of tuberculous patients In fact, the remo\ al 
of obstructing tissue is often apparently essential to the complete treatment of 
such lesions 

The present trend in streptomycin therapy for tuberculosis is toward reduction 
m dosage Our present practice in the treatment of tracheobronclual tubercu- 
losis IS to administer 1 0 Gm of streptomycin daily m two equally dixudcd doses 
at tw elve hour intervals or at a single injection E\ en smaller doses maj pro\ e 
to be adequate It has been demonstrated clearlj*^ that the parenteral method of 
administration is far more effectne than the aerosol method alone in the treat- 
ment of these lesions (3) There is some evidence to mdicate that combined 

’ Since this paper was prepared for publicstion, tlic 3 patients whose coses arc reported 
herein hno e been obsero cd further All of them ha\ o remained well and there has been no 
recurrence of the tracheobronchial lesions 
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therapy”- maj” be more lapidlj effective than injection therap 5 ’' onl}' If aerosol 
tlierap}’- is to be used, it is recommended that 0 5 to 1 0 Gm of streptomj’-cm be 
guen daily m a concentration of 100 mg per cc of physiologic salt solution 
The same tovic reactions which have been observed m most patients treated 
vnth streptomycin for any penod of time were observed in this group of patients 
vho had tracheobronchial lesions Vestibular complications were frequent and 
weie troublesome m some of the earl 3 ’- cases but should be much less in future 
cases m which smaller doses of streptomycin will be used 
The excellent results obtained m cases of tracheobronchial tuberculosis have 
gone a long v:iiy toward establishing the eflScacy of streptomycin m the treatment 
of tuberculosis The introduction of streptomycin therapy has changed the 
attitude of the medical profession toward tuberculosis of the tracheobronchial 
tree Wliat was previously regarded as a most senous comphcation is now shown 
to be amenable to therap}’- Early and accurate diagnosis of tracheobronchial 
tuberculosis becomes of great importance now that an effective therapeutic 
procedure is available 
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OXICITY OF STREPTOMYCIN FOR THE AUDITORY AND VESTIBULAR 

MECHANISMS! ^ 

EDMUND P FOWLER, JR , and CARL R FEIND 
(Received for publication June 16, 1948) 

When streptomycin is administered in high dosage, if poorly excreted, or if 
it IS given over long periods of time, toxic reactions become an important con- 
sideration Dysfunction of the vestibular mechanisms is the toxic leaction 
most frequently encoimtered The patient complains of difficulty in wallang 
under certain conditions, vertigo on sudden turmng of the head, and trouble 
foeusmg his eyes, et cetera Careful Hallpike (1) calonc measurements using 
30° C water for forty imnutes or the Gloiig mattress test (2) will often bung 
out dysfunctions which are not superficially apparent 
Reports from the Veterans Admimstration on 900 patients who received 1 8 
to 2 0 Gm of streptomycin per day state that 80 per cent of the patients had 
vertigo (3) by the fourth week of treatment Although subjective vertigo 
usually disappeared, hypofunction oi abolition of the vestibular response per- 
sisted On one gram of streptomycin per day, vestibular disturbances developed 
in approximately 30 per cent of the patients by the sixtieth day of treatment 
At high dosage levels, auditory involvement is not infrequent and tends to 
follow vestibular loss if therapy is continued On the other hand, it seems to 
improve if administration of the drug is discontinued before the damage is 
complete We have seen 2 cases recover almost all of their hearing after having 
experienced quite a severe heanng loss Incidentally, there is also some return 
of vestibular function in a few^ cases where the dosage was discontinued before 
total vestibular loss occuired Auditory mvolvement in the lower dosage 
levels has very rarely been encountered 
Up to and including the present, most dosage reports and recommendations 
of dosages for therapy have been in grams of streptomycin per day The same 
dosage is often given to both the small emaciated female w^eighing 38 Kg and 
the average male of 70 Kg , or the large obese patient of 100 Kg It iiVill be 
shown later in this paper that the most important factors m the production of 
toxic symptoms m animals is the blood level of stieptomycm and the length of 
time this blood level is maintained Tompsett has made similar observations 
in humans (4) The larger the dose the shorter the period before otic dysfunc- 
tions occur, so dosage should always be prescribed in mg per Kg of body weight 
per day 

1 From the Department of Otolaryngology, College of Physicians and Surgeons, Columbia 
University, New York, N Y 

= Presented before the Medical Section, as part of the Symposium on Chcmothcrapcnltcs 
and Antibiohcs, at the 44th Annual hleeting of the National Tuberculosis Association, 
New York, New York, June 16, 1948 

’This study was aided bj"^ grant from the Division of Research Grants and Fellowships 
of the National Institute of Health, U S Public Health Service 
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Anothei important consideration in streptom 3 '’cin therapj'’ is the e\cretoiy 
poweis of the kidnej' Manj'’ obsei veis have repoited the rapid onset of se\ere 
otic d}’’sfunction in patients with high concentrations of drug in the blood as a 
result of fault}’’ renal excretion Unexpected otic sjTnptoms could be avoided 
or minimized b}' an adequate inteimittent check of renal function 
T\0ien there is damage to the Amstibular sj’’stem from any cause, the bodj’^ 
tries to compensate mth the optic and pioprioceptive mechanisms The damage 
from streptom 3 ’’cin is no exception More or less compensation is readily 
aclue^’ed b}’^ children and most young adults, but is a more serious problem m 
the older age groups All groups encounter difficulties m locomotion in the dark 
or over rough terram though thej’’ may show no disability m bed or on smooth 
well-lighted hospital floors So-called "cerebellar exercises” seem to mcrease the 
speed of compensation Puttmg the patients mto classes where several indi- 
viduals are successfully overcommg their handicap is bound to have an effect 
on those who cling to their vertigo for vanous psychological reasons 
The questions which come to all of our minds are where and what is the 
mechanism of the lesion of streptomycin poisomng and how is it produced 
Extensive histological study of the labynnth, the CNS tracts, and their nuclei 
have failed to show any definite or consistent lesion which was not also found 
in control ammals Theoreticall}'- the lesion would appear to be located m the 
vestibular ganglion (Scarpa’s) or m the brain stem, but convincing locahzation 
of patholog}’’ IS yet to be demonstrated 
Streptomycin seems to act hke an allergen Some humans and animals do 
not develop toxic mamfestations on the same dosage that affects others 
Streptom 3 ’’cin produces hives, rashes, angioneurotic edema or eosinophilia in 
certain lndl^^duals All of these suggest an allergic t 5 ’pe of reaction Is it 
possible to combat the toxic effects of streptomycin with antihistamine or, as 
suggested by Romansky (5), is it possible to prevent the effects by a desensi- 
tization regimen? Experiments attempting to answer these question were 
earned out m the following manner 

Cats had been found to follow vei}’- closely the clinical S 3 'mptoms displa 3 ’’ed 
b}^ humans so they weie selected for the study All animals during the experi- 
ment were tested for vestibular function by rotation, using an electric motor- 
driven turntable They -uere lotated ten times in ten seconds The postrota- 
tional n 3 ’’stagmus was observed -visually and timed When 60 i p m no longer 
elicited a response, they were lotated at 120 r p m foi twent}"- turns and, when 
this no longer elicited a nystagmus, the vestibulai mechamsm was considered 
defunct Monng pictures of the e 3 ’"es weie made on a good cross-section of 
animals at various stages of loss These rotational experiments seemed even 
more accurate for the determination of quantitative vestibular losses than the 
Hallpike calorics used in humans Hawlans has made sirmlar determinations 
(7) Rotation expel iments are moie difficult to perfoim on patients, however 
Gross auditoiy tests were made using a sharp shoit noise at 60, 80, 100, and 
110 decibels The noise apparatus was screened from the view of the cats The 
auditory response was observed through conditioned palprebral reflexes ViTien 
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the response could not be elicited with 110 decibels, the animals were considered 
deaf 

All animals were given stieptomycm-' by the subcutaneous route in two divided 
doses a day Figure 1 is a graph plotting stieptomycm dose per lalogram of 
body weight per day ^e^sus da 5 's of theiapy (The outside scale is the equiva- 
lent dose in grams per daj in a 60 Kg man ) The first hea\T Ime represents 
the day of lesion in 14 control cats on vaiious streptomycin dosage regimens 
Above 400 mg per Kg per daj' the animals died in a vei’ 3 ’- few' days m severe 
dehydration From this lethal level to one of 66 mg per Kg per day (a thera- 
peutic dose) theie was a gradual pi elongation of the onset of otic dysfunction 
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Pig 1 Streptomycin efifects on the otic mechanism 


The points represented by an “0” are the days of complete otic dj'-sfunction 
At the lower therapeutic level the pomts represented by a square are the days of 
complete vestibular dysfunction but only dimmution of auditory function 

The second heavy line represents the day of vestibular loss in 10 ammals 
receiving streptomycin plus antihistamine Five cats received 20 mg per day 
of Neo-antergan Five cats received 10 mg per day of pynbenEamine The 
approximate 5, 10, and 15 day extension of the day of complete vestibular dys- 
function as compared to the control group may be seen The addition of 
antihistamine brought on dehydration sooner and in a more severe form than 

■* The streptomycm used in these experiments was the calcium chloride trihydrochloride 
complex kindly supplied by Merck and Co , Rahway, New Jersey 
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fetreplomjcm alone and the animals m general sho\\ed greater signs of dis- 
comfort, ho\\e%er the time before the otic symptoms developed vas prolonged 
The last line, which is supenraposed on the second line as far as the 250 mg 
level, icprcscnts the day of complete vestibular dysfunction of 12 cats that were 
given a dcsonsitization regimen Briefly, tins was done bj starting them on a 
veiy small dose of streptom3’’cm and bringing them up fairl}’’ rapidlj' to both 
tOMC and therapeutic levels The desensitization was accomplished m si\ da5's 
at the lower levels and twelv'e daj^s at the higher more toxic lev^els Notice that 
m high lev’els there seems to be no protection An analogous lack of protection 
is demonstrated bj’’ desensitized ragweed sufferers when thej’’ are exposed to 
excessiv^e amounts of the allergen 

All of the desensitized animals ate well, kept themselves clean, and showed 
no signs of dehydration until the day of practically complete vestibular d3’sfunc- 
tion, m spite of the fact that thej’’ were recemng doses which made non-desensi- 
tized animals in nearbj’- cages v'eiy ill This well-being of the desensitized 
animals is not understood but ma}'’ be of prime importance The combmation of 
desensitization and antihistamine in G cats did not produce a superior protection 
as the3'’ also fall in this last line Of equal interest, besides the prolongation of 
the onset of s3Tnptoms, is the fact that the cats under a desensitization regimen 
at a therapeutic level (which is equnxalent to a human 2 gm per da5’’ dosage) 
did not after more than 100 da3^s of therap3’' show an3’’ auditor^' loss The3’’ 
show'ed only a slight dimmution of response to rotation and no vestibular 
s5Tnptoms 

The toxic effect in cats as well as humans ( 4 ) occurs more or less regularl3’’ 
with a certam total dosage except with ver3’‘ low levels For example, the control 
series curve approximates a total dosage of 3 Gm per Kg of body weight, the 
antihistamine curve approximates a total dose of 5 Gm per Kg of bod3’' weight, 
and the last line, the desensitization regimen, approximates a total dose of 6 5 
Gm in the intermediate level That the cats on a desensitization regimen 
tolerated more than tvnee the dose of the control animals before the3'^ had a 
complete vestibular loss is statisticall5’^ sigmfleant It is hard to explain just 
why streptomycin seems to be less toxic in desensitized ammals Whether it is 
true desensitization or an acqmred tolerance is not Icnowm, but it is behev^ed that 
an}’- information about the to-acity of the drug is useful At the present time 
we feel justified in at least recommending antihistamine along with streptom3'cm 
therap}’- The two chief objections to a desensitization regimen are (i) that in 
acute cases one would not have the time to carr3’- out the desensitization, and 
(^) that m the desensitization period one might give the microorganism inimlv-ed 
time to become resistant or one might be allowing resistant strains of bacteria 
to dev^elop without affecting the nonresistant one soon enough 

If expenments show that bacterial resistance to the diug does not dev'-elop in 
the short desensitization period, then cases of long term therap3'- foi tuberculosis 
would be greatly aided The distiessmg s3Tnptoms of vertigo, nausea, and 
anore-aa certainl}’- interfere with the attainment of the rest, good nourishment, 
and peace of mind required for the successful caie of tubeiculosis 
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Oui cxpeupnce ^\lth miin' lcst<? and sevcial hospitals leads ns to lecommend 
the follomng legimcn foi the evahialion of otic dysfunction in stieptom 3 ’-cm- 
tieitcd patients 

(i) One audiogiam in a quiet loom befoie the diiig is staited Anothei audio- 
giam done aftei one ucek of theiapj’’ and fuithci audiogiams should be done 
iftci tieitment has teimuiitedoiif auditoiy symptoms develop duiing tieatment 
An\ hospital uheie huge numbeis of heaimg tests aie being done should have 
an audiometei and a sound-pioof booth foi testing The lattei can now be 
obtained, pief ibiicated, foi aiound $1,000 and a satisfactoij" one can be built 
b^ the hospital caipcntci foi about $300 00 



Fig 2 The honzontal canals aie upright with the patient hing 30° fioni the horizontal 
When the tempeiatuie is checked with a thcimoraeter at the meatus, much mo re accuiate 
tests are obtained 

{2) Caloiic tests should be done befoic theiapy begins, uhen and if the S 3 ^mp- 
toms develop, and aftei tieatment is teiminated 

a The best caloiit test is the Ilallpike test (1) using 30° C and 44° C watei, 
conti oiled by a uatei bath uith a theimostat and stiiiei (figuie 2) 
b If the Hallpike test cannot be done, a Kobiak test using 5 cc of ice uatei 
with the head back 60° fiom the veitical is useful If 5 cc pioduces no lesponse, 
the mstillation should be continued up to 50 cc 

(S) If theie IS an 3 '- indication of vestibulai loss by the above tests, the patient 
should be given exeicises in balance, walking along a line, standing on one foot, 
looking fiom light to left, tinning gentl 3 q thiovang bean bags about, wallang up 
and dovn stans, walking on lough giound, et ceteia A good test of geneial 
function IS the Gloiig mattiess test, which consists of w^alking on a firm mattiess 
fiist without, then, if possible, with a blindfold (2) 
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REPEATED TRANSCUTANEOUS AUTOLYTIC TUBERCULIN TESTS IN 

CHILDREN' 

\n! ^\1U^ CEMIENCL NIT^SON, lULPH E DWORK 

{Hcrcnrd for pubhcttioit AtiRti'^l 11, l^JS) 

IMtlODLCTIOK 

In 1*1 *3 (1) jt poinfeti ou( .itul cJcmonsinvlcd by c\pcnment that tubercle 
bacilli hbernte tul'crcubn (tuberculoprotcin) In nutohtib Tuberculin con- 
t uninc a biolosiicnlh netne tulwn uloprolcm \\'is clc‘’Ciibccl originally bj Koch 
a<? 'Old TulK’rculin* in the nineties and vas obtained bj him from a bouillon 
filtrate after the massne cultun* of mammalian tubercle bacilli 
The tulicrculoprotein ^\as I'-olatcd fir'-l chcmicall\ in tr3'st.alli7ablc and pre- 
cipitablc form from tiic filtrate from n nonprotcin «implc sjnthetic medium b 3 ' 
Lorn; and SeilH:rt in 192S (2) The latter preparation, as PPD, was used for 
'‘ccuntc intracutaneous te-^t purpo-'Cs and ns a standard tuberculin Though 
clicmicallj' pure, it did not pro\c suitable, liowc\cr, for transcutaneous testing 
The nutoljtic tulierailin, containing about 10 per cent undenatured biologi- 
callvactnc lubcrruloprotcmand preparedfrom bacilli frceof cvtrancousmatenals 
and chcmicalK unaltered, as well as bactcnologitalb uncontammated, possessed 
properties ad\antageous to prc‘-cr\.ition in pure form ns well as suited to the 
preparation of a salisfactoi^* tninscutancous test material (3, 4, 5, 6) It could 
l>c suspended in drj form in a suitable inert nonirritating nonwatcrj’’ bquid con- 
taining a cellulose preparation, so the aulol 3 tic tuberculin would adlicre satis- 
factorily upon application to the skin As a result of its hydroscopic nature, it 
Tivould disiohe bj' absorbing moisture m close approsimation to the slcm to 
permit the immediate action of the tuberculin for the tuberculin allergic hyper- 
sensitn c test for tuberculosis The reaction to tins test is self-hmited by nature 
and causes no remote focal or systemic reactions, ns maj”^ occur wath mtracutane- 
ous or other injection tests for the tuberculin (lijpersensitive) reaction, and there- 
fore can be used wathout rcsciw'ation even m the tuberculous 

Because of the apphcabihty of this test to repeated use and its simplicity of 
administration, the question arose whether the test could cause hypersensitive- 
ness to itself when repeatedly applied, since it has been claimed by some that an 
Arthus phenomenon (liypersensitive allergic condition) can develop to large 
repeated injections of tuberculin The winters have been unable to venfy 
this, especially when using bactenologically uncontammated and pure tuber- 
culoprotem or autolytic tuberculin m as large amounts as possible for the sensi- 
tizmg agent Tuberculin has been used so extensively both expenmentally and 
clinically that errors m results have been numerous and deductions at times have 

‘ From the Research Department, National Jewish Hospital, Denver, Colorado 
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lacked cnlicnl c^nluat]on Tins is ^acII pointed out bj^ an article in 1946 (7) 
m uhich it ^\as noted that 

1 iiberciiliii testing for dngnostic cisc finding siinej’s lias proved itself reliable hy 
intncutancoiis (Mantou\— uitb proper nmouiit of tuberculin) and transcutaneous 
techniques (Corper) An interpret ition of the significance of reactors and the relation 
to nonsjiecificitj arc presented The faliaej of cialualing tuberculin tests on the basis 
of high mimbers of reactors is expounded For case finding sur\cj-s, the test i\hich 
elicits the minimum number of reactors among persons without tuberculous disease is 
the superior test A set of criteria based on eflicacj ns w ell as reliability is recommended 
for acceptable tuberculin testing programs 

It IS obvuous that no materials should be in the test reagent which ean produce 
or elicit a reaction in therasehes or can cause evident nonspecific irntation when 
applied, particular!}’ to the skin of the tuberculous or any normal mdmdual 
In order to note whether such reactions can be caused by the adhesne (the 
cellulose piepaiation) or the solvent used for appl}ang the autolytic tuberculin 
for test purposes, the \ elude containing all the ingredients except the autol}’tic 
tuberculin powder w as applied to the skin of o\ er 100 tuberculous patients (in 
all states of the disease) at the National Jewash Hospital at Dem er and to the 
skin of oxer 50 normal indmduals In each case, at least two apphcations were 
made in x anous places on the arms and back The apphcations were allowed 
to remain adherent to the slun until they naturally separated and dropped off, 
which in over 75 per cent of the cases required from three to six days or more, 
while the remainder adhered to the skin ox’er two days when properly applied 
In no case was there any exadence of either mechanical or chemical irntation, 
and there was no evidence of maceration of the skin from accumulation of 
moisture under the application Even indixuduals wath a sensitix’e skin tol- 
erated the apphcations well and without irntation of an}' kmd 

In previous tests on the tuberculous, it w’as deterrmned that a period of 
contact of several hours w’ould suffice to produce a positix’e tuberculin reaction 
xxath the autolytic tubercuhn“plastotest” As a rule, howex’er, the test reagent 
should remain m contact xvath the skin for one to tw’o days aftei application for 
best results The speed of development of the mtracutaneous autolytic tuber- 
culin test reaction is about the same as that following mtracutaneous tests with 
specific amounts of pure tuberculin 

OBSERVATIONS 

In order to determine whether the transcutaneous autob-tic tuberculin “plasto- 
test” (Corper) could cause the dex’elopment of tubercuhn h}TDersensitn’eness, a 
total of 223 children and adolescents m an orphanage, langing in ages fiom 5 to 
20 years of age, were tested lepeatedly For the firs month, tests weie made at 
w eekly intervals and then each month for six months from the initiation of the 
first test In all cases, at least two tests were apphed either on the forearms, the 
upper arms, shoulders, oi backs, and m many cases four applications of “plasto- 
test” to different sites weie made 
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In ill the 223 children, the period of study co\ ered the si\ months interval and 
note w Is nude of iin conditions ‘^uch as othei infections, sunburn, et ceteia, 
which n^ight in anv w-'iv \ itntc a rclnble test In many ca^es a chest locntgeno- 
grim wa< taken for correl it ion purposes to note piiticularly whcthei any evi- 
dence CM'-ted of piieiuhvmil tubciculoiis iin olvement, enlargement of lymph 
nodc‘; it hilum, Ghon tubercles ot ‘;ignificint cilcifications of anv kind In 
obtaining the roentgenogr ini'-, sticks was laid paiticuliilv on the definitely 
po'itue rcictov- It is intended to continue testing at the nine month and 
twehe month iiitei\ iK after initiation of the test'? in ill aviilable cases 
The results of the tests ire summiiized in table 1 in order to note the number 
of the total 223 ehildicn tested who ne\ci disclosed a positne icaction to the 
repeited duphcitc (or more) apphcitions of the transcutaneous autolytic tuber- 
culin “plastotest ” In t ible 2, the positne icictorb are given more detailed 
c\ihntion mainh to note whit cfTcct icpcatcd testing would produce on the 

TtBLE 1 


T/ic /ft t't of Repeated Tran<:culanco<ts iutoh/lic Tuberculin "Plastotcsts" over a Period of 
Six Months on S23 Orphanage Children 


crriLDJc 

TSTr*> 

1 

srjc 

TOTAt 

rrR^tisrr Tt\ 
CCATIXT 

TOTAL 

DcrisirrLV 

ro5iTi\x 

TOTAL 

DOROCRxrsz: 

rOSlTtNXS 

223 ’ 

Miles— 1>4 

(tS -i- SI -b 25)* 

lOS 

23 

23 

1 

Females — GO 
(30 -1- 35 -1- 4)‘ 

54 

G 

9 


* The numerals in pirenthcscs indicate the number of children in each age group starting 
with the first numeral, from G to 10 > cars, the second, 11 to 15, and the third, IG to 20 j ears 


tubercuhn hj persensitn eness of the definitel}" positne, slightl}'^ positive, or 
questionable cases 

It IS noted from the results recorded in table 1 that at least 162 of 223 children 
repeatcdlj' tested with the transcutaneous autolj’^tic tubeiculm “plastotest” con- 
sistently' gave negative reactions to the test Accoiding to se\, 108 of a total of 
154 males and 54 females of a total of 69 remained negative throughout the test 
peiiod This represents more than 70 per cent of the total, and 70 pei cent of 
the males, and 78 per cent of the females, who w'ere consistently negative reactors 
These figmes would appear to justify the conclusion that repeated duplicate 
applications of the transcutaneous autolytic tuberculin test for piolonged periods 
does not tend to produce a hj’persensitive condition to tuberculin in the recipients 
of the test 

Whethei or not the application of the transcutaneous autolytic tubeiculm 
test is capable of altering consistently the reaction obtained m the positive oi 
slightly positive tuberculin hypersensitive case is disclosed in an examination 
of the findings obtained in the positive cases and recorded m table 2 

The results recorded in table 2 summarize the serial findings in the positive 
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test readings Frequent repeat tests assume importance also m this light, since 
errors thus are minimized to the advantage of the rehabiht}’- of any tuberculin 
test Duplicate tests, uhich can be performed easily also with the transcutane- 
ous autolj'^tic tuberculin test to assure better observation as well as proper appli- 
cation, yield more reliable results m the individual case and possess definite 
advantages 


STOiaiART AND CONCLUSIONS 

Fiequent and lepeated application, in duplicate or more, of the transcutaneous 
autobiiic tuberculin “plastotest” (Corper) extending over more than a six month 
penod does not produce a hypersensitiveness to tubercuhn or to the trans- 
cutaneous test m children between the ages of 5 to 20 years Neither does the 
repeated application of the transcutaneous tubercuhn test accentuate or suppress 
an already existing hyper sensitiveness to tubercuhn in children 

SUW4.RIO 

Repetidas Transcuttrreacctones AntoUticas a la Tuhercuhna en los Ntnos 

La frecuente y repetida aplicacidn, por duplicado o mas, de la “plastorreac- 
cidn” transcutanea autolitica a la tubercuhna (Corper) durante un perlodo de 
mds de seis meses no produce hipersensibihdad a la tuberculma o a la transcu- 
tirreacidn en nmos de 5 a 20 anos de edad Tampoco acentiia o supnme la 
repetida aphcacidn de la transcutirreaccidn con tubercuhna, una hipersensibih- 
dad preexistente a la tubercuhna en los nmos 
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A SLIDE CULTURE METHOD FOR THE EARLY DETECTION AND 
OBSERVATION OF GROWTH OF THE TUBERCLE BACILLUS^ 

A Preliminary Report 
J W BERRY AND HOPE LOWRY 
(Received for publication February 3, 1949) 

INTRODUCTION’ 

The characteristic slow grot\ th of Mycohadcnum tuberculosis imposes a severe 
handicap on those engaged in clinical or reseaich nork in the field of tuberculo- 
sis This IS especially true in the clinical stud}'’ of tuberculosis because the 
S5Tnptoms, signs, loentgenograpluc changes, and laboiatory findings other than 
the bactenologic, are not sufficient!}'’ distinctive to be absolutely pathognomonic 
of the disease It has been frequently noted that a diagnosis of tuberculosis 
in the absence of bactenologic proof is often questionable In oidei that the 
diagnosis be certain, the tubercle bacillus must be demonstrated The prob- 
lem IS becoming more acute because of the widespread use of the vaiious roent- 
genographic teclmiques employed to discover tuberculosis m apparently healthy 
individuals (1) As a result of these sur\’’eys, the proportion of minimal disease 
coming under observation is increasing (2, 3, 4, 5) and, therefore, the number 
of patients in n horn it is impossible to demonstrate the tubercle bacillus by smear 
or concentrate is also increasing Failuie to make the proper diagnosis m sus- 
picious cases frequently leads either to the exposure of a nontuberculous mdi- 
vidual to the enmronment of a sanatorium or to a delay m the proper treatment 
Such a delay not uncommonly lesults in progression of the disease (5) 

Microscopic examination of a direct smear of material harbormg tubercle 
bacilli IS obviously the simplest and most economical method by which the micro- 
organism may be demonstrated Unfortunately this method is very indelicate, 
since it has been estimated that it requires 100,000 tubercle bacilli per cc of 
smeared fluid m order that the organism may be detected m this manner (6) 
The fact that there is frequently an msufiicient number of orgamsms m biologi- 
cal fluids for demonstration by direct examination is so well known that it is 
hardly deserving of comment It may be useful, however, to cite the figures of 
Pinner (7) who found that iq 533 cases from which the tubercle bacillus was 
recovered, approximately 60 per cent were “positive” on direct smear or sputum 
concentrate, 16 per cent more were “positive” on culture of the sputum, 5 per 
cent were “positive” on direct examination of the gastric concentrate, and 18 

1 From the Departments of Medicine and Bactenology, University of Colorado Medical 
Center, Denver, Colorado 
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Denver, Colorado 

* Presented before the Medical Section, as part of the symposium on Laboratory and 
Research at the 45th Annual Meeting of the National Tuberculosis Association, Detroit, 
Michigan, May 4, 1949 


51 



52 


BERni AND LOWRY 


per cent were “positive” only on culture of the gastric contents These figures 
are denved from the study of patients m all stages of tuberculosis and adequately 
demonstrate that direct examinations of sputum smears or concentrates are 
onlj’’ about 60 per cent efficient The inefficiency of the microscopic examination 
of the sputum is further emphasized by the findings of Decker, Ordvay and 
Medlar (S) who have showm that, m persons with minimal tuberculosis, the 
tubercle bacillus can be demonstrated by direct examination of the smear m 
only about 6 per cent In 269 cases of minimal tuberculosis reported bj’- them, 
smears were “positive” m 5 9 per cent, whereas culture or guinea pig inoculations 
demonstrated the presence of tubercle bacilli in 69 per cent of these cases These 
figures agree mth those reported by other workers (9) 

Although it is not ivithin the scope of this paper to enter into the controversy’- 
as to which procedure, culture or gumea pig moculation, is the most useful in 
detection of the presence of the tubercle bacillus, it should be pointed out that, 
m spite of the many articles m the literature which advocate the use of culture 
methods alone (10, 11, 12, 13), from the evidence now available it would seem 
that when accuracy is the only consideration both methods should be used in 
each case bemg studied (14, 15, 16) 

The tune required for growiih to become apparent appears to depend somewhat 
upon the procedures used and to a greater extent upon the number of orgamsms 
in the moculum In the ordmaiy laboratoiy practice the inten'al between 
inoculation and the macroscopic appearance of gro-wth is from 3 to 8 weeks 
Exceptionally, colonies first appear as early as 5 days and as late as 3 months 
follow’ing moculation 

In order to decrease the mterval between inoculation and detection of grorrth, 
smears have been made of the matenal scraped from the surface of the culture 
media at mtervals dunng the period of cultivation In this manner the time 
necessary to demonstrate the acid-fast orgamsms can be considerably’- shortened 
Johnston (17) showed that microscopic examination of the matenal scraped 
from the surface of his diagnostic cultures disclosed the presence of the tubercle 
bacillus m an average tune of 20 days, w’hereas macroscopic growth appeared 
only after 41 3 days In this w’ay, 21 3 days were gained T\Tule there is no 
doubt that the diagnosis can be made more quickly m this manner, it is not prac- 
tical because of the high rate of contammation (17) 

In 1945, a new’ medium was descnbed by Dubos (18), which was reported by 
him to produce rapid growth of the tubercle bacillus Although tins medium 
was designed for purposes other than primary isolation of the tubercle bacillus 
from pathological matenals, it has been used for that purpose by several workers 
with encouragmg results Foley (19, 20) has repoited the successful use of 
Dubos media for the cultivation of tubercle bacilli from various biological 
fluids Goldie has also reported good results with Dubos media in the isolation 
of tubercle bacilli from sputum (21) Foley noted grow th in an average time of 
10 6 days, and Goldie reports positive cultures in 8 to 14 days 

Dubos and Middlebrook (22) have recently described a modification of the 
onginal Dubos medium, making it more suitable for the primary isolation of 
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tubercle bacilli In this paper they state “Suffice it to say that fairly rapid 
growth of tubercle bacilli (7 to 15 days) has often been obtained in the liquid 
media ivith sputa, spinal fluid, and pleural exudates which have failed to reveal 
tubercle bacilli on direct microscopic examination ” 

Sattler and Youmans (23) have been unable to demonstrate any increase in 
the rate of growth of the tubercle bacillus m Dubos media 
The final evaluation of Dubos medium cannot be made at this time but, even 
if the most favorable reports are confirmed, there will still remain a relatively 
long interval between the time the specimen is sent to the laboratoiy and the 
time the report is received 

Although it appears that progress has been made m increasing the rate of 
growth by alteration of the culture medium, the fact remains that the tubercle 
bacillus grows slowly For this reason it seemed that it might be profitable to 
approach this problem by other means, namely the microscopic detection of 
early growth 

Robert Koch (24), in his paper of 1882 in which he described the tubercle 
bacillus, also described the preparation of cultures designed for direct microscopic 
observation of the growth He accomplished this by coagulating blood serum 
on watch glasses or in “small hollow glass blocks” in such a way that it remained 
transparent In this manner he was able to demonstrate growth of the tubercle 
bacillus by the end of the first week by means of magnification of 30 to 40 diam- 
eters 

Since Koch’s report of what may be termed the micro-culture method, we 
are aware of no further work in the use of this method for the pnmary isolation 
of tubercle bacilli until 1941, although others used such a technique as a research 
tool, utihzmg as inocula organisms from pure cultures (25, 26) In 1941, Pryce 
(27) descnbed a method in principle very similar to that of Koch, although he 
was apparently unaware of Koch’s work Pryce demonstrated that it was pos- 
sible to treat a sputum film on glass with acid, thus destroying organisms other 
than the tubercle bacillus He advocated preparing the sputum on the floors 
of Petn dishes or in slide cells made by puttmg glass nngs over the treated smear, 
he used whole blood as the medium With this method growth was endent 
microscopically m from one to six days 
In 1943 Rosenberg (28) attempted to use Piyce’s methods but abandoned 
them He found the contammation rate excessively high when Petri dishes 
were used, the slide cell method he found too laborious for large scale use He 
devised a method of slide culture in which the smears, prepared on half slides 
and treated with acid, were placed in water filled bottles with perforated screw 
caps The water was removed with a needle attached to a suction pump and 
replaced with ICirchner’s serum-salt mixture Microscopic growth was visible 
within a week This method, although ingenious, is obviously too comphcated 
for general use 

Pmally, others have described micro-culture techmques for research purposes 
These methods are not adaptable to any large scale application (29, 30) 

Thus there was ample evidence that growth of the tubercle bacillus could be 
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detected microscopically within a w eek It appeared, however, that as 5>'et there 
had been no method of micio-cultuie devised which did not have senous dis- 
advantages 01 was not needlessly complicated 

METHOD 

From a specimen of sputum^ sl\ smears are prepared on new glass shdes of the usual 
size (75 by 25 mm ) which are suitable foi labeling The smears differ m no waj’^ from 
those ordmarily used for microscopic examination, except that they are somewhat thicker 
The smears are allov ed to dry and are then put m a glass rack which in turn is placed m 
a covered stain dish (commercially obtamable) and submerged m 6 per cent sulphuric 
acid for 20 mmutes (31) After this interval, m order to remove the acid, the rack con- 
tainmg the shdes is transferred with aseptic technique successively to three similar dishes 
filled with sterile water The slides remain in each of these dishes 10 mmutes The}' 
are then placed m the tubes contaimng the medium (one slide per tube) and incubated 
at 37°C On the second, fourth, and sixth days, two cultures are taken out, the shdes 



CULTURE TUBE 

Fig 1 Culture tube See text for descnption (Drawn by W A McGilvray ) 

are removed from the tubes, allowed to dry, fixed with heat, labeled, stained, and exammed 
under the microscope Early m this work half the smears and cultures were stamed 
with auramme This stammg method was abandoned because it was of less value than 
the Ziehl-Neelsen technique 

Special tubes'^ (figure 1) have been designed specifically for this purpose m such a way 
that they can be laid horizontally m the mcubator The tubes measure ISO mm in 
length, with an inside diameter of 35 mm One hundred and ten mm from the closed 
end of the tube is an mdentation 20 mm m depth, the purpose of which is to prei^ent the 
medium from reachmg the cotton plug when the tube is horizontal During incubation 
a piece of ordmary laboratory glass tubmg is placed m the indentation to keep the tubes 
from rolhng In the horizontal position the maxunum opportumty for oxj^gen diffusion 
is provided, since the entire sputum film is only shghtly beneath the surface of the medium, 
and, in addition, a large surface of liquid is exposed to air The amount of medium 
necessary (20 cc ) is mdicated by a mark on the tube 

The medium used for the cultures reported m this paper consisted of 50 per cent Kirch- 
ner’s solution of electrolytes, glycerol and asparagm (32), and 50 per cent uhole citrated 
blood In a senes non bemg done, the use of this mixture has been abandoned and 
Kirchner’s basic medium with serum albuimn® added m a concentration of 0 5 per cent 

^ The specimens of sputum have not been digested or concentrated 
‘ Available through Technical Equipment Corporation, Denver, Colorado 
' Bovine plasma fraction V, Armour Laboratories, is satisfactor} 
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(33) has been used The grow th obtained n ith the albumin medium appears to be as 
good as that n ith the blood, and the fact that the liirchner albumin mixture is a clear 
solution IS a distinct advantage, smce the slides need not be n ashed upon removal from 
the tubes before tliej' are dried and fixed Wliether this is the ideal medium for this 
purpose remains to be determined and studies on this problem are in progress m this 
laboratory 

Cotton plugs for the tubes are not sterilized in the culture tubes because of the mhibi- 
tor 3 ' effect of distillates from the cotton on the growth of the tubercle bacillus (34) 
The plugs are placed m glass cj linders of the same diameter (35 mm ) as the tubes and 
sterilized in the autoclaxe At the time the medium is placed m the tubes, the plugs are 
transferred to them 


RESULTS 

All the sputa cultured were from patients w'hose specimens had at least on 
one occasion been positive Two smears weie made from each single specimen 
to be cultured and these w ere carefully searched for tubercle bacilli 
A total of 140 cultures w'ere made Twenty-five cultures were made from 
specimens of sputum which contained numerous bacilli, 39 from specimens con- 
taining few* bacilli, 40 from specimens which contained rare organisms, and 36 
from those in which onlj’' 3 or few er organisms w'ere found m the entire search 
The specimens of this last group would probably have been called negative by 
the standards ordmanly used, smce no organisms were seen until the time of 
searching had been prolonged to one hour or more This classification of sputa 
as to whether thej’- contain numerous, few, or rare organisms was made m ac- 
cordance with that recommended by the Committee on Standard Laboratory 
Procedure of the American Trudeau Society (35) 

Of the total number of cultures upon which this study is based, 37 1 per cent, 
or 52 cultures, were contammated If this high rate of contamination could not 
be reduced, obviously the method would be of little value However, many of 
the factors contributing to the excessive contamination rate have been elimmated 
by trial and error as work with this new method has progressed It was neces- 
sai^'^, for example, to determme the length of time the smears should remain in 
acid in order to destroy cont amin ating organisms Early in this work, the time 
was varied from 10 to 45 minutes, but later it was standardized at 20 mmutes, 
smce this period proved to be satisfactory Longer periods of time did not seem 
to inhibit growth of the tubercle bacillus, but shorter penods appeared to be 
inadequate Since all of the cultures are mcluded in the study, the early cul- 
tures kept in acid for the shorter lengths of time contributed to the Ingh rate of 
contamination repoited for the senes 

The use of the glass rack mentioned above for transferring the slides from one 
container to another was begun during the course of the work because it was felt 
that the possibility of air contammation would be less than w hen the slides w’^ere 
transferred individually Again, the results of the earher method are included 
Perhaps the most important factor in the high contamination rate is the fact 
that dunng most of the w'ork reported in this paper it was necessary to share a 
laboiatory where a great deal of other work w^as being done, including animal 
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autopsies "Vilien a clean \\orkroom became available, the contamination rate 
dropped markedlj’’ 

Following these ^allOUS improvements, the rate of contamination m about 
100 cultures of a senes to be reported later is approximate! j' 1 5 per cent 
Of uncontammated cultures (88), grow th v as present in 89 8 per cent This 
figure IS without regard to the length of time the culture was incubated, that is, 
2, 4, and G day cultures are included 

TABLE 1 

Summary oj Results {Uncontammated Cultures) with SUde Culture Method for Detection of 

M tuberculosis 

Over-all percentage of cultures shoving growth is shown and in addition the results in 
relation to the time of incubation (uncontammated cultures) 



NUMBER 

CSOWTH rXESEVT 

CEOmrH ABSENT 

Xumber 

Per cent 

Number 

Per cent 

Total 

88 i 

79 

89 8 

9 

10 2 

2 dajs 

29 

26 

89 7 

3 

10 3 

4 days 

34 

28 

82 4 

6 i 

17 6 

6 dajs 

25 

25 

100 

0 j 

0 


TABLE 2 

Slide Culture Method for Detection of M tuberculosis 
The number of organisms seen on direct smear of the specimen is correlated with growth 
after two, four and six days’ incubation (uncontammated cultures) 


OECAKtSUS SEEN IN DIUECT SMEAS 


TIME 

I^CUBAT£D 

Numerous 

Few 

Rare 

3 or less 


Growth 

No growth 

Growth 

No growth 

Growth 

No growth 

Growth 

No growth 

rfojt 









2 

3 

0 

4 

2* 

9 

1 

10 

0 

4 

5 

0 

7 

0 

6 

1 3* 

10 

3t 

6 

4 

0 

7 

0 

8 

0 

6 

0 


* These were the cultures stained with auramme (see text) 
t In two of these faulty staining technique may account for the failure 


In table 1 may be seen the results wuth uncontammated cultures separated mto 
2, 4, and 6 day groups Grow th was present m 89 7 per cent of 2 day cultures, 
m 82 4 per cent of 4 day cultures, and m 100 per cent of those meubated for 6 
days The fact that growth was detectable m such a high percentage of 2 day 
cultures mdicates that routine examination at that time is far from unproductive 
Table 2 show's results m relation to the number of organisms seen on examina- 
tion of the direct smears of the sputum specimens 
Of the 9 (10 2 per cent) cultures which failed to show grow'th in spite of being 
uncontammated, 2 w'ere stained with a faulty techmque, 5 were stamed with 
auramme, and m each instance cultures from the same specimen meubated the 
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same length of time and stained with carbolfuchsm showed growth , the remain- 
ing two weie 2 and 4 day cultures In 20 of the contaminated cultures, grow th 
of tubeicle bacilli was present 

The appearance of the colonies of M tuberculosis growing m the slide cultures 
may be seen m figuies 2 thiough 7 

DISCUSSION 

Although it has been loiown since 1882 that giowth of the tubercle bacillus 
could be detected aftei one week’s incubation by means of the low pou er lenses 
of the micioscope and attempts have been made to utilize this fact, appaiently 
none of the methods thus far devised is sufficiently piacticable foi loutine use 



Fig 2 (Left) Twodij cuUuic (6 \ 90), Zichl-Xeelscn stain 
Small colonies aie visible on the bnckgiound of the sputum him 

Fig 3 (Right) Three day culture (G \ 90), Zichl-Xcelscn st iin 
This illustrates the maiked beading of tlie oiganisms \ihich is occisionalh seen 

The piesent method is lepoitcd because it is behei ed to be sufficientli simjile 
foi geneial use by laboiatoi}^ technicians All the equipment loquiied is inc\- 
pensn e and commonly used m laboi atones, w ith the exception of the tubes vhu h 
can now be obtained thiough a commeioial suppl}’’ house The technique i^ 
not complicated and it is bcliet ed that it mat be fea=:ible to simplify if ct en fui - 
thei Foi instance, it is possible that the time the slides lemim m vatei can be 
shoilened We hate peihaps been oteicaulious in oiii effoit to bo ceitam tint 
the acid ttas completely lemoved 

Because of the chaiacfoiisfic moiphologt of the colonies fhet iie emit 
identihed Aftei six d it s’ iiuiib ifion tliev aio le idilt t isiblo uilh the low powei 
of the micioscope (G x 10) The low powei is aho muillt ideciinte foi the 
ex imin it 1011 of the 4 d It cultuie Occasion illt howetcr it is nece-'S.ut louse 
gieitei nngnifu ition (()x45) It isiie(es<;ut to use the high dit lens torxuniiK 
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the 2 daj" cultuie, and not uncommon^ the oil immeision lens is leqiuied (6 \ 90) 
On some occasions cultuies ha’^'-e been examined aftei 24 horns’ mcubation and 



Fig 4 (Lpperleft) Fourdi\ culture (6 \ 00), Ziehl-^eelsen st iin 
\o sputum IS \ isible m this field 

Fig 5 (Upper right) Foui dn culture (6 \ 45), Zichl Neolsenstiiu 
Ihis illusti Ucs how eisih colonics of this age ire seen with low mignificition 
Fig G (Lower left) Si\ di\ culture (6 \ 90), Ziehl-Xeelscii stun without couiitcrst iiii 
Fir 7 (Loweriight) Si\ di\ culture (6 \ 45), Ziehl-Xeelseii stun without counterst iiii 

glow th has been appaient One quickh becomes pi oficient in the stud\ of slide 
cultuies, but It IS adMsable at the stait of woik with this method to tultuie a 
stiongh “positue” sputum in oidei to become famihai with the appeaiance of 
the colonies (figuics 2 thiough 7) 
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We are testing the diagnostic eflBciency of the slide culture method in another 
laboratory by comparing its accuracy with that of a conventional culture method 
Work IS also being done m this institution m an effort to adapt the technique to 
the determination of streptomycin sensitivity of the tubercle bacillus directly 
from the sputum, without preliminary isolation 

With this technique, further information about the morphology and growth 
patterns of the acid-fast bacilli may be obtained and comparisons between vari- 
ous pathogens and between pathogenic and nonpathogemc organisms made 
The development of colonies can be closely followed by serial termination of 
growth at short intervals This method will also provide more precise informa- 
tion as to the effects on growth produced by alterations of media 

SUMMARY 

A technically simple method by which M tuberculosis can be cultivated di- 
rectly from sputum on slides is described Growth of the microorganism is 
evident in from one to six days 

Although the experience is too limited to ]ustify final conclusions, the results 
suggest that this may be a useful method for the rapid diagnostic demonstration 
of the tubercle bacillus It is believed that, because of its simplicity, this method 
will be a useful research tool 


SUMARIO 

Ticmca del Cultivo en Placas para el Descubnmiento Temprano y Observacion 
del Crecimiento del Bacilo Tuberculosa Comumcacion Preliminar 

El m4todo, t4cnicamente sencillo, aquf descnto, permite cultivar el M tuber- 
culosis directamente del esputo, en placas Las colonias son visibles en uno a 
diez dfas 

Si bien las observaciones son demasiado hmitadas para justificar conclusiones 
defimtivas, los resultados indican que esta t4cnica puede ser litil para el rapido 
hallazgo del bacilo tuberculoso, con fines de diagndstico Parece que, debido a 
su sencillez, tambi4n va a resultar iitil para investigacidn 
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THE PHARMACOLOGIC AND CHEMOTHERAPEUTIC ACTION OF 
SOME NEW SULFONES AND STREPTOMYCIN IN 
EXPERIMENTAL TUBERCULOSIS^ - ^ 

M I SMITH, E L JACKSON, J iM JUNGE and B K BH\TTACHARYA» 
(Recened for publication October 26, 1948) 

INTKODXICTION 

In 1940 Rjst and associates show-ed that 4,4'-diammodiphenylsulfone (DDS) 
had a favorable effect in expenmental tuberculosis m rabbits infected mth an 
avian strain (1) Later the same vas shown to be true for expenmental tuber- 
culosis in guinea pigs infected vnth a human strain (2) Since then manj’- 
attempts ha^ e been made to de\ elop compounds chemically related to or denva- 
tives of DDS vith the objectives of decreasing toxicitj’’ and increasing activ- 
ity The first objectne has been realized, for there aie now manj’- denvatives 
of DDS that are less toxic than the parent compound The second objective has 
not met with as much success 

Shortly after the discoveiy of streptom 3 ’^cm, it was shown that the use of this 
antibiotic, together with suitable sulfones, resulted m mutual potentiation of 
action so that the combined effect in expenmental tuberculosis was greater than 
the sum of efiects from the two drugs when used alone (3) Hence the further 
need of sulfones of low toxicitj’’, if onlj- of moderate actmty, as supplementary 
aids m the treatment of tuberculosis with streptumj-’cin 

Generally speaking there are two tj-pes of denvatn es of DDS (1) The disub- 
stituted denvatives, in which a h 3 ’’drogen m each of the two ammo groups is 
replaced b 5 ^ a substituent, e g , Promin, Diasone and the more recent Sulphetrone 
(4) , and (2) the monosubstituted denvatives in which one of the ammo groups 
remains free In the latter class, the alkyl monosubstituted denvatn es ha^ e 
been found to be the least toxic and most effective (5) These compounds, how- 
ever, are characterized b 3 ’’ low absorbabilit 3 ’- Further experimentation showed 
that the introduction of a hydroxyl group into the alk 3 d substituent increased 
absorbabiIit 3 ’' without sacnfice with respect to toxicit 3 ^ and actnuty 

The present paper is a report on the actions of the newer disubstituted deriva- 
tive Sulphetrone (4)^ and the monosubstituted 4-aimno-4'-;0-h3"drox3^eth5damino- 
diphenylsulfone (6)® synthesized in this laborator 3 '- and hereafter designated 

> From the Experimental Biology and Medicine Institute, National Institutes of Health, 
Bethesda, Marjland 

= Presented at the Tuberculosis Study Section Meeting, September 21, 1948 

’ Watumull Foundation Fellow 

■‘4,4'-Bis (y-phenyl-n-propylamino) diphenylsulfone-tetrasodium sulfonate Supplied 
by Dr Edwin J de Beer, the Wellcome Research Laboratories 

®4-Amino-4' -hydroxj-ethylaminodiphenjd sulfone cr 3 -stalli 2 es as dimorphic forms 
melting at 130 5-131 5°C and 143 5-144 5°C The two forms have shown about the same 
absorption, toxicitj' and chemotherapeutic actmtj, the latter tested in experimental 
pneumococcus infection in mice We are indebted to Dr Augustus Gibson and Dr Max 
Tishler of Merck & Company for the supply of a large quantit 5 ’- of the compound 
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hydroxj’-ethyl Foi comparison, data aie also included on the older and better 
Icnowm disubstituted derivative Promin and the parent substance DDS Promin 
and Sulphetrone are water soluble and can be administered parenterally, DDS 
and hydio\j’’ethyl are only slightly soluble in water and are usually administered 
orallj’’ 


EXPERIMENTAL 

Table 1 shows the structural formulas of these compounds and their DDS 
equivalent Hydroxyethyl on direct diazotization at room temperature, accord- 
ing to the Bratton and Marshall technique, represents 46 per cent of DDS, close 
to the theoretical value Promin and Sulphetrone are 15 and 13 per cent, re- 
spectively, showing their instability, for theoretically, having no free ammo 
group, they should have no diazotization value Both of these compounds m 
0 25 N hydrochloric acid containing some trichloroacetic acid are decomposed 
at 100°C , the diazotization values bemg short of the theoretical values, probably 
because of the presence of impurities Under similar conditions, there is no 
splitting of the molecule of hydroxyethyl This was demonstrated by keeping 
a solution of 0 3 Gm of hydroxyethyl m 0 25 iV hydrochloric acid contammg 2 5 
per cent tnchloroacetic acid at 100°C under a reflux condenser for one hour 
Concentration and neutrahzation of the solution by sodium hydroxide yielded 
0 3 Gm of pure hydroxyethyl, identified by its melting pomt and a mixed meltmg 
point determination vith the authentic compound 

Figure 1 illustrates the values obtained on direct diazotization of DDS and 
Promin at room temperature and after acid hydrolysis, as descnbed m a previous 
report (7) Plotting light absorption obtamed with a Fisher electrophotometer 
against concentration m mg per 15 cc , curve 1 represents values obtamed for 
DDS The direct values and those obtamed after heating were identical 
Curve 2 represents the values obtamed for Promin on direct diazotization and 
curve 3 after acid hydrolysis When the blood or urine of an animal receiving 
DDS IS analyzed by the two procedures, the values are identical, as expected if 
the DDS IS unaltered m the animal body When the blood or urine of an animal 
receiving Promin by oral administration is analyzed m the same manner, the 
values are also identical which suggests that Promin is metabolized m the body 
to DDS Sulphetrone gives similar results The properties of a metabolite 
isolated from the mine of man receiving the hydroxyethyl indicate that this is< 
not degraded to DDS This metabolite was obtamed, by a method to be de- 
scribed later, m solid condition meltmg at 170 to 174°C and showing diazotiza- 
tion and coupling vnth the Bratton-Mai shall reagents A mixture of this 
mateiial with authentic DDS crystals of m p 176 to 177°C melted at 142 to 
145°C , which shows that the metabolite is not DDS Although the quantity 
of material available was insufficient for complete purification and identification, 
the possibihty of the oxidation of hydroxyethjd m the human body to the pre- 
viously described glycine derivative (6) is mentioned® 

® Using a similar technique of isolation DDS was recovered nearly quantitatively and 
identified by melting point when added to normal urine In like manner DDS was also 
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Ilyclroxycthyl NH 2 <r >S02<f >N CHjCHiOH 
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Toxicity studies Data in table 2 give the approxiinate LDeo in rats on oral 
administration as 1 0 Gm per Kg for DDS, 3 to 4 Gm per Kg for Promin and 
more than 4 Gm pei Kg for Sulphetrone and hydroxyethyl On mtravenous 
injection the LDbo for Promm is between 3 and 3 5 Gm per Kg , for Sulphetrone 
4 5 Gm per Kg In terms of DDS equivalent, the toxicity of the two disub- 

DIAZOTIZATION CURVES 



Mg IN 15 CC 

Fig 1 Diazotization curves of DDS and Promin on direct diazotization and after acid 
hydrolysis at 100°C for one hour Values for DDS are identical, two sets of values are 
obtainable with Promin Similar analysis of blood and urine of animals receiving Promin 
orally yield nearly identical values as with DDS suggesting the degradation of Promin to 
DDS 

stituted derivatives is almost identical and considerably greater than that of 
hydroxyethyl 

recovered from urine of rabbits receivmg DDS and identified by melting point Moreover 
a substance with m p 199 to 200°C was isolated from the urine of a cat receiving hj droxy- 
ethyl and when mixed with the pure glycine derivative 

NHo< ^ ^ SQ;< ^ ^ NHCHaCOOH 

it gave a m p of 201 to 202°C The pure glycine derivative melts at 202 to 203°C This 
isolated material also gave a diazotization curve identical with that of the glycine deriva- 
tive These experiments will be described in detail in a later publication 
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Tlic chronic toxicity m rats y hen fed m a semisj'nthetic diet is shou-n m table 3 
The tolerated concentration of DDS is 0 2 per cent of the diet At this con- 
centration the blood le\ els were 1 2 to 2 C mg per 100 cc Promm is tolerated 
at a concentration of 0 8 per cent, almost exactly the same as DDS when com- 
puted on the basis of DDS content Sulphetrone under the same conditions 


TABLE 2 

Acute Toxxcity of 4,4'-diaminodtphcnylsulfone (DBS) and Dcritalncs in Rats Wetghng 

ISS to 175 Gm 


Dost 

ROUTE 

j UOSTAUTT, KCitBES DIED/NtatnEtt USED 

nns 

Promm 

Sulphetrone 

H> droiycthyl 

Cn/Kf 






0 S i 

Oral 

3/10 




1 0 

Oral 

6110 




3 0 

Oral 


4/10 



4 0 

Oral 


6/9 

2/10 

0/10 

3 0 

IV 


3/10 



3 5 

IV 


7/10 



4 0 

IV 


5/5 

2/10 


4 5 

IV 



7/15 



TABLE 3 

Chrome Toxicity of 4,4'-<iiaminodiphcnylsulfonc (DDS) and Derivatives tn Young White 
Rats Weighing 60 to 80 Gm when Fed in the Diet in the Concentrations as Indicated 


Mortality in relation to number used (M) and blood levels mg per 100 cc (BL) at the end 

of the experimental period 



* Subnormal grow tb 


IS much less toxic for it is tolerated in concentrations of 3 to 5 per cent The 
blood levels at the high concentration of Sulphetrone in the diet were not sig- 
nificantly higher, however, than those of Promm at the concentration of only 
0 8 per cent m the diet, suggesting that the relativ ely low toxicity of Sulphetrone 
may be due to lower absorbability 

The same appears to be true from the data on cumulativ'e toxicity in guinea 
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pigs, shoMTi m figure 2 Three groups of 10 guinea pigs each were fed by stomach 
tube 1 0 Gm per Kg twice daity of Promin, Sulphetrone and hydroxyethyl, re- 
spectively All the animals in the Promin group Mere dead after 10 doses Only 
one of the 10 in the Sulphetrone group died after 14 doses and 2 in the hydroxy- 
ethjd group after 20 doses All the otheis suriaved 30 doses However, blood 
level determinations made at comparable periods after the admimstration 

CUMULATIVE TOXICITY IN GUINEA PIGS 
10 Gm/Kg TWICE DAILY MORTALITY CURVES 



DOSES Gm/Kg 

Fig 2 Cumulative toxicity of Pronun, Sulphetrone and 4-amino-4'-/5- hydroxyethyl- 
aminodiphenjlsulfone in guinea pigs One Gm per Kg twice daily orally 

of the respective compounds indicated much higher values for Promin than 
Sulphetrone or hydioxyethyl The average blood levels in the Promin group 
were 26 to 48 mg per 100 cc , Sulphetione 5 to 10 mg per 100 cc and the hydroxy- 
ethyl group 1 to 7 mg per 100 cc 

Hemoglobin deteiminations showed a reduction on an average of from 14 3 
to 12 0 Gm per 100 cc during treatment foi the Promin group, from 14 8 to 
12 5 Gm per 100 cc for the Sulphetrone gioup and from 14 9 to 13 3 Gm per 
100 cc for the hj'droxj’-ethyl group 

In table 4, data of the chrome toxicity of some of these compounds m cats are 
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given The compounds were admmistered daily, mcorporated m a ration of 
100 to 200 Gm ground lean beef, for voluntarj’- consumption Two animals in 
the fiist group received 50 mg per Kg DDS, the second group of 2 ammals re- 
ceived the DDS equivalent as Promin, the third group of 2 ammals received 
first the DDS equivalent as Sulphetrone followed by twice the DDS eqmvalent 
and the last 3 animals in the fourth group were given from 1 to 4 times the DDS 
equivalent as the hydroxyethyl compound The DDS animals lost weight 

TABLE 4 


Chrome Toxicity and Effect on Blood Pigments in Cats 
Oral Administration 




WEIGHT KG 




BLOOD FIGSIECTS, GK BEE 100 CC 

COilPOTJND 




DOSES 









DOSE 

LE\XLS 

Total 

Hb 

HbOj 

MHb 

SHb 






Gm/Ks 

mr per 
m cc 





DDS 

1 

4 2 

2 3 


1 5 







2 1 

1 

3 5 

1 7 

65 X 50 

3 25 

3 0 

11 7 

8 6 

0 9 

2 8 

Promin 

3 

3 2 

2 7 


14 0 

16 0 

12 1 

10 0 


1 5 

1 

4 

3 4 

1 5 



19 5 

11 7 

8 9 

1 

1 1 

2 1 

Sulphetrone 

5 

2 9 

3 2 

68 X 200 
16 X 400 

20 0 

14 0 

12 6 

9 7 

1 0 

2 5 


6 

2 9 

3 5 

68 X 200 
16 X 400 

20 0 

11 6 

1 

15 5 

13 2 

0 9 

1 9 

Hydroxyethyl 

7 

3 2 

2 7 

34 X 100 
14 X 400 

9 0 


12 6 

11 9 

0 8 

1 2 


8 

3 9 

3 7 

5 X 100 
29 X 200 
16 X 400 

12 7 



11 4 


1 1 



3 7 

3 2 

5 X 100 
29 X 200 
13 X 400 

11 5 

2 4 

13 3 

13 2 

0 5 

0 5 

Controls, average of 9 determinations in 5 normal cats 

14 3 

13 9 

0 3 

0 4 


* Died 


rapidly, developed anorexia, frequently refusing to consume their ration, and 
thus failed to ingest the drug One of the ammals died after 30 doses The 
Promin ammals toleiated treatment somewhat better but on the whole displayed 
similar effects and one died after 70 doses The Sulphetrone and hydroxTethjd 
ammals accepted the drugs well, showed no nsible effects and appeared in good 
health Spectrophotometnc anal 3 ’’sis of blood pigments towards the end of the 
observation period by the method of Evel 3 Ti and Malloy (8) revealed more 
methemoglobin and sulfhemoglobin m the DDS, Promin, and Sulphetrone 
ammals than in the h 3 ’^drox 3 eth 3 d animals The reduction in 0x3 hemoglobin 
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m relation to the total hemoglobin was also more pronounced m the first three 
groups 

Blood le\ el determinations made umformly at about 18 hours after feeding, at 
the time when the animals ^\ele receiving 200 mg per Kg Sulphetrone and 100 
to 200 mg hydro\yethyl, indicated much higher drug concentrations m the Pro- 
min and Sulphetrone groups than in the hydroxyethyl group 
Summing up the data on toxicity it may be concluded that Promm is about as 
toxic as DDS when dosage is computed on the basis of DDS eqmvalent, while 
Sulphetrone and hj’-droxj’ethyl are much less toxic Since the blood levels were 

TABLE 5 


Blood Levels in mg per 100 cc tn Guinea Pigs at Various Intervals Following the Oral 
Administration of Three Sulfone Derivatives in Doses of 0 1 to 8 0 Gm per Kg 


HOtTRS 

DOSE 

pkoinv i 

SULPHErEONE 

HYDROXYETHVL 


Gm/Kg 

Iff per 100 cc 

11 g per IDO cc 

Mg per too cc 

1 

0 1 

2 0 

2 1 

1 2 

3 


2 4 

2 6 

0 8 

5 


2 7 

3 0 

0 5 

24 


1 1 

trace 

0 

1 

0 5 

3 6 

2 4 

2 4 

3 


8 0 

4 0 

3 2 

5 


13 0 

4 6 

2 9 

24 


2 8 

2 6 

0 7 

1 

1 

1 0 

7 3 

4 3 

3 4 

3 


9 1 

6 5 

4 0 

5 


9 0 

6 3 

5 0 

24 


13 0 

3 6 

1 6 

1 

2 0 



6 1 

3 




7 5 

0 




4 7 

24 




2 4 


generally lower for the last two compoimds the question of absorption, tissue 
distnbution, and excretion was considered next 

Metabolism studies Data on the absorption of these compounds from the 
gastrointestinal tract of the guinea pig, as judged by drug concentration in the 
blood, aie given m table 5 Blood level determinations were made at various 
intervals up to 24 hours following a single dose of 0 1 to 1 0 Gm per Kg of 
Promm and Sulphetrone and up to 2 0 Gm per Kg hydroxyethyl The highest 
blood levels were obtamed vath Promm, the lowest with hydroxyethyl In 
rabbits, given 0 5 Gm per Kg of either Promm or Sulphetrone orally, the Promm 
blood levels were more than twice as high as the Sulphetrone, as shovm in 
figure 3 

To deteimme the relative retention of Promm and Sulphetrone, each was 
























HOURS 

Fig 4 Blood levels following intravenous injection of Fromm and Sulphetrone m 
rabbits Results indicate better retention of Sulpbetrone 
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injected intravenously in rabbits in doses of 0 5 Gm per Kg and blood levels 
determined at stated intervals durmg 24 hours, vath the results as shown in 
figure 4 It IS evident that both drugs leave the blood stream rapidly, though 
Sulphetrone appears to be retained somewhat better than Promin 
Further data on the metabohc fate of Promm and Sulphetrone are given m 
figure 5 Both drugs are excreted in the urine to the extent of about 60 per cent 
of the dose administered when given intravenously Moreover, the acid hydrol- 

URINARY EXCRETION OF PROMIN AND SULPHETRONE 
IN RABBITS AFTER INTRAVENOUS AND ORAL 


ADMINISTRATION OF 0 5GM/KG. 

^ DIRECT DIA20TIZATI0N 
■ AFTER ACID HYDROLYSIS 



Fig 5 Urinary excretion of Promin and Sulphetrone on oral and intravenous adminis- 
tration in rabbits in relation to dose administered and metabolic fate Results indicate 
degradation of both to DDS on oral administration and poorer absorption of Sulphetrone 


ysis diazotization values are higher for both drugs compared with direct diazo- 
tization values This suggests that both compounds are excieted to a large 
extent, unchanged, when gnen intravenously On oral administration the 
urinary excretion of Promin is still about 60 to 70 per cent of the dose admin- 
isteied while m the case of Sulphetrone only 15 per cent of the dose given is 
recoveiable m the urine, indicating much poorer absoiption The acid hydrol- 
3 ''sis diazotization values on oral admimstration aie neaily identical with the 
duect diazotization values in both drugs suggesting their degradation to the 
parent substance 
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The unnary ehmination of hydro\yeth 3 >-l m lelation to the dose admimsteied 
as studied m rabbits and in man The experiments in rabbits are summanzed 
in table 6 and show that, regardless of the dose admimstered orally, nearly 50 per 
cent IS recoverable from the urme in 24 hours An expeiiment m 3 human sub- 
jects to whom the compound was admimstered orallj' m 2 Gm doses thiee times 
dunng the day (approximately 0 1 Gm per Kg ) gave results, shown in table 7, 
which almost paralleled the results obtained m rabbits From 40 to 60 per cent 
of the dose admimstered was excreted in the unne, and most of it durmg the first 
day ^ 

TABLE 6 


Absorption and Excretion of Eydroxyethyl in Rabbits 


HOI7SS j 

BIOOD 3XVEIS lie PEE 100 CC 

0 1 Gm/Kg : 

0 S Gm/Kg 

1 0 Gm/Kg 

1 

1 2 

23 

3 7 

2 

0 9 

1 9 ; 

3 7 

4 

0 9 

1 9 

4 2 

6 

0 7 

1 5 

3 7 

24 

trace 

trace 

1 3 

Urinarj’^ excretion, percentage of dose 

24 

45 

46 

52 


TABLE 7 

Blood Levels and Urinary Excretion of Hydroxyethyl in Man 
Dose 2 Gm — S 00 a m , 12 00 m and 4 00 p m 


1 

SUBJECT 

BLOOD LE^XLS, IfC 

PEE 100 CC , HOCBS 

EXCEETION, BEE CE^T OF DOSE 

2 

4 

7 

24 

First daj 

Second da) 

Total 

— , 

HB 

0 4 

1 

0 5 

1 

0 9 1 

0 6 

1 

43 J 

0 9 

43 9 

AK 

0 5 1 

0 6 

1 0 

0 7 

55 8 1 

4 6 

60 4 

GK 

0 7 j 

0 6 

0 9 

0 6 

3S 5 

1 5 

' 40 0 


The low blood levels compared with the relatively high uimaiy excretion 
foUowmg the oral admimstration of hj’^droxj’^ethjd suggested the possibility of a 
preferential distribution of the compound m the tissues This was studied in 
several gmnea pigs after a smgle dose of 0 5 Gm per Kg , and the average results 
are given in figure 6 The lowest concentrations, estimated as hydroxyethyl, 
were found in the erjdhrocytes, the plasma shoved somewhat higher concentra- 
tions than whole blood, and the liver, kidnej', spleen, and lungs gave values 
rangmg from 3 to 10 times those of whole blood Estimations of the compound 

J We are indebted to Doctors Howard M Pajme of Freedman’s Hospital and Philip 
Kilbourn of the Tuberculosis Division, Public Health Service, for their cooperation 
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HOURS 

Fig 6 Distribution of 4-amino-4'-/3-hydroxyethylaminodipbenylsulfone in the tissues 
of guineapigs Average of3 to4 animals Highest concentration in liver and kidney, lowest 
in erythrocytes 


TABLE 8 


Chemotherapeutic Activity in Experimental Pneumococcus Type I Infection in Mice 


TOTAL COSE 

EOCTE 

PER CENT SURVIVAL OP 
INTECTED inCE 

TOXICITY LCso IN 
NORUAL mCE 

LC«o/SD60 

Hydroxyethyl 

GmfKg 



Gtn/Ks 


4 0 

OS 

73 

>8 0 

>8/3 

3 0 

OS 

51 



4 0 

sc 

75 



3 0 

sc 

68 

>4 0 

>4/2 


sc 

50 



1 0 

sc 

30 




DDS 


1 0 1 

OS 

92 




OS 

69 

0 25 


0 4 

OS 

41 



1 0 

sc 

87 

0 25 

1/2 

0 5 

sc 

49 
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in the bile indicated as high a concentration as 500 mg. per 100 cc. at 1 to 3 hours 
after the administration of the compound and 16 mg. per 100 cc. 24 hours later. 

Thus it may be concluded that Promin is better absorbed than Sulphetrone; 
that both drugs are apparently metabolized to DDS when given orally; that the 
low blood levels following the oral administration of hydroxyethyl are not due to 
poor absorbability but rather to a preferential localization of the compound in 
certain tissues and organs of the body. 

TABLE 9 


Activity in Guinea Pig Tuberculosis. 0.5 Mg. HS7 Rv I.P. Treatment Day after 

Infection and Continued 80 Days 



NmtBEE 

OF 

ANatALS 

THEEAPy, UC/KC/OAV 


AVERAGE 

WEIGHT 

CAIN 

AVERAGE 

X.B. 

INDEX* 

CHEMO- 

DATE OF 
INOCULATION 

Sulfone orally 

Strep- 

tomycin 

intramus- 

cularly 

MORTALITY 
PER CENT 

THERA' 

PE0TIC 

EFFECTIVE- 

NESSf 

November, 1947 

10 

0 

0 

n 

Cm 

40 

15.5 



10 

HydroxyethyI-300 

0 

■■ 

118 

6.2 

2.5 


10 

0 

mm 

10 

276 

1.5 

10.3 


10 

Hydroxyethyl-100 

■1 

0 

304 

0.8 

19.4 

June, 1948 

— 

0 

0 

86 

13 

12.2 


1 

mm 

Sulphetrone-lOO 

0 

53 

78 

8.6 

1.4 


15 

Sulphetrone-500 

I 0 

1 

66 

1 

10 

9.9 

1.2 


15 

0 

5 

27 

108 

6.5 

1.9 


15 

0 

25 

7 

204 

2.0 

6.1 


15 

0 

50 

7 

188 

0.8 

15.2 


15 

Sulphetrone-lOO 

5 

0 

175 

3.6 

3.4 


15 

Sulphetrone-500 

5 

7 

184 

3.6 

3.4 


15 

Sulphetrone-lOO 

25 

0 

240 

1.3 

9.4 


15 

Sulphetrone-500 

25 

0 

248 

0.7 

17.4 


* Average tuberculous involvement for the group, each animal being graded 0 to 20 
according to the extent of lesions in (a) omentum and mesenteric glands (b) spleen (c) 
liver (d) peritoneum, kidneys and testes (e) lungs and mediastinal glands, each graded 0 to 
4 on the basis of no visible lesions, slight, moderate, generalized, or extensive, 
t Average TB index of controls/treated. 

Chemotliera'peuiic activity: This was studied in experimental pneumococcus 
infection in mice and experimental tuberculosis in guinea pigs, 

Brownlee and associates (4) state that Sulphetrone was inactive in experi- 
mental pneumococcus infection in mice. In our experience with monosubsti- 
tuted derivatives of DDS, such compounds have usually shown considerable 
activity, frequently comparable Avith that of DDS, and because of their lower 
toxicity such compounds have often showm a more favorable chemotherapeutic 
index (9), In the case of the hydroxyethyl compound 50 per cent survival of 
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infected mice^ was obtained with a total dose of 3 0 Gm per Kg orally and 2 0 
Gm per Kg subcutaneously, suspended in ohve oil, when given in 8 divided 
doses over a period of 4 days In normal mice, a single dose of 8 0 Gm per Kg 
01 ally and 4 0 Gm per Kg subcutaneously failed to lall any animals In the case 
of the paient substance DDS, appioximately 0 5 Gm per Kg protected 50 per 
cent of infected mice when given m 8 divided doses over a penod of 4 days, 
but the single dose of 0 25 Gm per Kg killed about 50 per cent of normal mice, 
whether given orally oi subcutaneously Thus the chemotherapeutic ratio of 
hydroxyethyl (LDso/SDso) is more than 4 to 6 times greater than that of DDS 
These data are shown m table 8 

The results obtained in experimental tuberculosis m guinea pigs are sum- 
marized in table 9 These data concern the activities of Sulphetrone and 
hydioxyethyl when used alone or in combination with streptomycin The 
hydioxj^ethyl compound was used at the relatively low dose levels of 100 and 300 
mg per Kg because of the limited supplies at the time this work was done The 
Sulphetrone experiments weie so planned as to give some information on the 
question as to which is the more critical, streptomycm or the supplementary 
sidfone, m combmed theiapy The results indicate greater activity for hydroxy- 
ethyl than Sulphetrone when used alone, and potentiation of action in the case 
of the hydioxyethyl compound, comparable with that reported previously for 
Promin and other sulfones (3, 10) An additive effect in the instance of Sulphe- 
trone was obtained when used ivith the small dose of 5 mg per Kg per day of 
streptomycm T\Tien used ivith the larger dose of streptomycm, 25 mg per Kg 
per day, some potentiation of action was obtained The chemotherapeutic 
effectivenessof 25 mg peiKg streptomycm plus 500 mg per Kg Sulphetrone was 
somewhat greater than that of double the dose of stieptomycin when used alone 

SUMMAEY AND CONCLUSIONS 

A comparative study is piesented of the phai-macologic and chemotherapeutic 
propeities of (I) 4,4''diaminodiphenylsulfone (DDS), (2) Promm, (S) Sulphe- 
trone and (4) 4-amino-4'-i3-hydioxyethylammodiphenylsulfone (hydroxyethyl) 

The intiavenous toxicity of Promin and Sulphetrone in lats is almost identical 
if computed on the basis of DDS equivalent 

The oral toxicity of Sulphetrone and hydroxyethyl is much less than that of 
Promin The low toxicity of Sulphetrone appears to be due to poor absorb- 
ability 

The blood levels folloiving oral admmistration of hydroxyethyl are relatively 
low This IS not due to poor absorbability but rather to a preferential localiza- 
tion of the compound in certain organs and tissues of the body, e g , hver, kidney, 
lungs, and spleen About 50 per cent of the dose administered is excreted in the 
urine in 24 hours, and an imdetermmed but appreciable amount, possibly 25 per 
cent, IS eliminated in the bile 

® Alice of IS to 22 Gm ivere used and the infecting dose was 0 5 cc of 10“® dilution of a six 
hour broth culture of type I pneumococcus given intraperitoneallj , which kills all controls 
within 24 hours (9) 
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Tiieie IS evidence to indicate that Piomm and Sulphetrone are metabolized 
in the bodj’- to the paient substance DDS, there is evidence that hj^droxyethyl 
IS not metabolized to DDS 

H 3 'dro\yethyI has a good chemotheiapeutic actmty in experimental pneu- 
mococcus infection in mice Its activitj'’ in exeiimental tubeiculosis in guinea 
pigs compaies favorably until Promm Like Promin it potentiates the action 
of streptomycin Sulphetrone has a lover activit}'^ when used alone and, when 
used until 5 mg per Kg per da}’’ of streptomycin, the effect was additive Wlien 
used with the large dose of 25 mg per Kg per day of streptomj’cm, some poten- 
tiation of action was obtained 

SUAtiVRIO y CONCLUSIONES 

La Accion Farmacologica y Qiarmoterap6uhca dc Algiinas N^ievas Sulfonas y de 
la Estrepiomicina en la Tuhercidosts Experimental 

Este estudio comparative versa sobre las propiedades farmacoldgicas y 
quimioterapduticas de (1) la 4,4'-diaminodifenilsulfona (DDS), (2) la promina, 
(3) la sulfetrona, y (4) la 4-ammo-4'-;S-hidro\i-etilammodifemlsulfona (hi- 
droxietilo) 

La toxicidad endovenosa de la promina j’’ la sulfetrona en las ratas es casi 
iddntica SI se computa a base de equivalencia en DDS 

La toxicidad por via oral de la sulfetrona y el hidroxietilo es mucho menor 
que la de la promina La poca toxicidad de la sulfetrona parece deberse a mala 
absoibibihdad 

Los tenores sangulneos consecutivos a la admimstracidn oral del hidroxietilo 
son relativamente bajos, lo cual no se debe a mala absorbibilidad smo mds 
bien a locahzacidn preferente del compuesto en ciertos drganos y tejidos, por 
ej , hlgado, rifiones, pulmones y bazo Aproximadamente 50 por ciento de la 
dosis admmistrada se excreta en la orina en vemticuatro horas y una cantidad 
indeterminada, pero apreciable, posiblemente 25 por ciento, es ehmmada en la 
bills 

Hay dates indicatives de que, en el cuerpo, la promina y la sulfetrona se 
metabolizan en la sustancia matriz, DDS, habiendo tambidn dates de que no 
sucede otro tanto con el hidroxietilo 

El hidroxietilo muestra buena actividad quimioterpadutica en la infeccidn 
neumocdcica experimental en los ratones Su actividad en la tubeiculosis 
experimental del cobaj’-o compdrase favorablemente con la de la promina, y lo 
mismo que dsta, realza la accidn de la estreptomicina La sulfetrona muestra 
menos actividad cuando se usa por si sola, y usada con 5 mg diaiios de estrep- 
tomicina por kg , mostrd efecto aditivo Usada con una dosis masiva de 25 
mg diarios de estreptomicina por kg , obtuvo alguna potenciacidn del efecto 
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t 

INTRODUCTION 

Before a new antimicrobial agent can be considered at the present time as 
ha\nng chemotherapeutic potentialities, it must possess the following properties 

1 It must be actn e, not onl}'^ in vitro but also in vivo, against certain specific 
organisms, it is desirable that such actmty be greater than that of other agents 
now recognized as useful or as promising 

2 It must be active against those strains of important disease-producing 
organisms which are not sensitive or which have become resistant to presently- 
accepted chemotherapeutic agents 

3 It should not favor the development of resistance among sensitive bacteria, 
or should at least permit lesser development of such resistance than e-asting 
agents, or it should act sjmergistically ivith those agents 

4 It should not be to-ac to animals, or at least it should be no more to-ac than 
agents now used for chemotherapeutic purposes 

These four postulates can be enlarged and others added, as regards both the 
substances that possess antimicrobial properties, whether antibiotics or sjmthetic 
compounds, and the organisms which are thus affected, whether bacteria, fungi, 
protozoa, or viruses 

Durmg the last five years, or since the isolation of streptomj’^cin in this labora- 
tory, several new agents were obtained that at first appeared promising but which 
were later discarded because they did not meet the above requirements This 
is true, for example, of gnsein (1) and streptothricin VI (2) The same is true 
of other agents isolated m different laboratories 

Because of its marked antimycobactenal properties, streptomycin has so far 
proved to be the most prormsing antibiotic m the treatment of infections caused 
by Mycobacterium tuberculosis It possesses certain senous hmitations, however, 
notably, first, the ease -with which sensitive bactena develop resistance to it and, 
second, certain toxic mamfestations It becomes, therefore, essential to find 
new agents which would be less favorable to the development of resistance among 
bactena, less toxic, and possibly more potent than streptomycin 

The isolation of such an agent, designated as neomycin, recently was announced 
(3,4) 

On the basis of extensive laboratory studies against various bacteria, including 

' Journal Series Paper, New Jersey Agricultural E\periment Station, Rutgers University, 
the State University of New Jersey, Department of IMicrobiology 

s Supported by a grant from the Rutgers Research and Endowment Foundation 

’ Some of the data reported in this paper were presented before the seventh Strepto- 
mycin Conference, Veterans Administration, held in Denver, Colorado, on April 23, 1949 
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both sapiophjiiic and pathogenic mycobacteiia, as well as of expenmental studies 
in animals against various gram-positive and gram-negative bacteria (exclusive 
of il/ /wbcrcidosjs), neomycin appeals to meet the above requirements (1) It is 
more active than stieptomjfcm against both the saprophytic Mycobacterium 607 
and pathogenic strains of M tuberculosis (2) It is as active against the strep- 
tomycin-resistant strains of these organisms as against the sensitive ones (S) 
It fa^ors to a far lesser degree than does streptomycin the development of 
resistant strains of mycobacteria although, on prolonged senal transfer of large 
numbers of cells, a considerable mcrease in resistance may be obtamed (4) 
It IS charactenzed b}' a relatively low toxicity to ammals 
The degree of toxicity of neomycin, m comparison with that of streptomycin, 
has not 3 ’'et been fullj’- established, noi has its in vivo activity against the tuber- 
culosis organism 


TABLE 1 


Comparative Effects of Neomycin and Streptomycin upon the Growth of Different 

Mycobacteria 

Growth inhibition in units per ml after 14 days’ incubation 


TEST OECANISU 

NEOilYaN 

STREPTOUYCTN 

M avium 

0 1-0 3 

10 0 

M tuberculosis H37 Rv 

0 2-1 0 

1 0-5 0 

M tuberculosis H37 RvR* 

0 2-1 0 

>5,000 

Mycobacterium 607 

0 1 

0 2-0 4 

Mycobacterium 607R* 

0 25 

>300 


* R = streptomycin-resistant strain 


The results of the folloiving experiments tend to substantiate the foregoing 
conclusions 


EXPERIMENTAL 

Aniimycobactenal properties of neomycin The relatively high potency of neo- 
mycin against mycobacteria may be seen in table 1 Different orgamsms 
belonging to this group vaiy greatly, however, in their sensitivity to this anti- 
biotic, the saproph 3 rtic Mycobacterium 607 being the most sensitive When 
pathogenic strains of M tuberculosis were tested in several laboratones, some- 
what different results were obtained This is quite natural, smee one must 
allow not only for the origin of the culture, its past history and method of testing, 
but also the individual idiosyncrasy of the observer In general, the vanous 
cultures were moie sensitive to neomycin than to streptomycin Only seldom 
was a streptomycin-resistant culture of M tuberculosis found to be somewhat 
more resistant to neomycin than the correspondmg streptomycin-sensitive cul- 
ture Such differences were only minor in nature, however, and may have 
resulted from variations in procedure Freshly isolated cultures of M tubercu- 
losis were also found to be more sensitive to neomycin than to streptomycin 
(table 2) This was true especially of the streptomycin-resistant strains which 
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showed m this case no difference in sensitnnty to neomycin as compared to the 
streptomycin-sensitive cultures 

TMien the antimj^cobacterial properties of neomycin were compared further 
vath those of streptomycin and of streptothricin against both saprophj-tic and 
pathogenic strains, certain verj’- strilang differences were obtained (table 3 ) 

TIBLE 2 

Comparative Effects of Neomycin and Streptomycin upon Freshly Isolated Strains of 

M tuberculosis 

(F Heilman and G M Needham) 


STILA.IN ■TOIIBEK 

SOURCE OF CULTURE 

AMOUNT IVfflB 

Streptomjcin 

ITRG GEOWTH* 

ICeoinjcin 



T per ft 

umls per nl 

100 

Sinus left hip 

1 to 5t 

<0 5 

500 

Sinus left flank 

1 to 5 

<0 5 

575 

Bladder 

>100 

<0 5 

910 

Gastnc 

1 to 5 

<0 5 

209 

Sputum 

1 to 5 

<0 5 

684 

Urine 

>100 

<0 5 


* Tests made in liqmd Proskauer and Beck’s medium fortified with 0 25 per cent bovine 
albumn (fraction V) 

1 1 to 5 = more than 1 and less than 5 v required to inhibit growth, >100 = growth not 
inhibited by 100 y 


TABLE 3 

Influence of Continuous Incubation upon the Antimycobacterial Properties of Different 

Antibiotics 


ORGANISMS 

UNITS OF ANTIBIOTIC REQUIRED TO INHIBIT GROWTH PER MUXILITER 

OF culture IN DUBOS TWEEN MEDIUM* 

Neomycin 

Streptomj cm 

Streptotbrian 


Days of incubation 


7 

14 

7 

14 

7 

14 

Mycobacterium 607 

0 1 

0 1 

0 3 

0 3-t) 6 

0 75 

2 

Mycobacterium 607R 

0 1-0 25 

0 25 

200 

300 

1 0 

2 


14 

28 

14 

28 

14 

28 

M tuberculosis H37 Rv 

0 5-10 

15-2 0 

2 

4 

10 

20 

M tuberculosis H37 RvR 

1 0 

1 0 

>5,000 

>5,000 

10 

20 


* Dilution of inoculum = 1 1,000 


Neomj’-cm was found to possess far supenor properties as an antituberculous 
agent than the other two antibiotics This expressed itself m at least three 
distinct wa3'^s (a) neom3’’cin was the most active of the three antibiotics when 
tested against both saprophytic and pathogemc mycobacteria, (b) neoms’-cm 
was as active upon the streptomycm-resistant as upon the streptomj'cin-sensitive 
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nucolnctorn, (c) \ipon continued mcub'ition of the cultuies in the presence of 
the three antibiotics, the tendency tow aid the development of resistance to 
neonncin was less than to the other two antibiotics 

V more detailed stiidv Ins now been made of the couise of growth of both 
strcptom\cin-':cnsiti\e and sticptomjcin-rcsistant stiains of M tuberculosis H37 
Rv in the presence of three dificrcnl antibiotics, m order to establish the course 

TABLE 1 


Co tiparahii. Tuhcrculo'^laltc Effects of Xcomtjctn, Strcptomucin and Aurcomycin upon 
the Growth of It tuberculosis HS7 Rv 
Turbidimetric resilmRS in Dubos-Tween medium 


i 

rVTTS 1 
TER ilw i 

1 INCtn^TIO 

1 IN t>A\S 

y rru UL i 

ST®rpTO\J\ClS ISCXJDATIOS 
IN DA\S 

y PER UL 

AUREOiI\CIN, INCe 
nVTlOV IV DWS 

1 * 

9 i 

16 

25 

4 

7 

14 

2S 

4 

7 

14 

0 

15 

23 

7S 

225 

0 

10 

21 


2GS 

0 

9 

17 

40 

0 1 

0 

15 

79 

244 

0 1 

5 

25 

Bi 

256 

0 5 

7 

17 

96 

0 5 

0 

0 

3S 

155 










1 0 


0 

11 

120 

■il 

0 

0 

il 

191 


c 


64 

2 0 


0 

0 

0 

mam 

0 

0 

0 

37 


0 


22 


' 1 



1 


0 

0 

0 

0 

B 

0 

0 

0 


TA.BLE 5 

Comparaitic Tuberculostatic Effect of Different Antibiotics upon the Growth of 

^[lJCobactcrlum 607 


Turbidimetric readings in Dubos-Tween medium 


r^^TS PER ia 

t:om\cp 

, rSCUBATIOS 

, IN DATS 

y PEE JIL 

STREPTOMTCm, INCUBATION IN DATS 

2 

4 

16 

2 

4 

14 

0 

35 

so 

288 

0 

24 

65 

282 


0 

0 

0 


20 

47 

185 


0 

0 

0 


0 

0 

180 

0 5 

0 

0 

0 


0 

0 

0 

UMTS PER ilL 

STEEPIOTHRICIS, INCUBATION IN DATS 

y PER ML 

AUREOitTCIN, INCUBATION IN DATS 

2 

4 

14 

2 

4 

14 

0 

28 

98 

270 

0 

48 

82 

245 


15 

65 

260 

0 5 

33 

75 

248 

0 5 

0 

5 

ISO 

5 0 

0 

12 

216 

1 0 

0 

0 

55 

10 0 

0 

0 

160 


of development of resistance Only the groivth of the sensitive strains is re- 
ported in table 4 The amount of neomycin required to inbbit completely the 
growth of both strains of this organism was 1 0 to 2 0 units per ml , after a pro- 
longed incubation period Although even smaller concentrations of the anti- 
biotic weie found to cause partial inhibition of growth, this effect was later 
overcome, either because of the gradual adaptation of the culture or because of 













































S2 


VKSM\N, IILTCHISON, AND JCVT7 


de\elopment of the moic resistant cells Beyond the concentration of 2 units 
per ml , ho\\e\er, no growth appeared c\cn after four weeks’ incubation of cul- 
tures StreptomjTin allowed the more rapid adaption of the organism to the 
antibiotic, and the final inhibiting concentration was about twice as high as for 
ncomjein The thud antibiotic used m this experiment, aureom3Cin, showed 
up rather poorlj' m companion with the other two 
Similar results were obtained when the action of several antibiotics against 
the saprophytic culture Mycohactcrixm 607 w as measured (table 5) The grow th 
of this organism w as completcl} inhibited by 0 1 unit per ml of neomj cm , 
no resistance developed even after prolonged incubation There w a compara- 
tnel}' little difiference m the effect of neomj cm upon the streptomjcm-scnsitne 
and streptomj'cm-resistant strains, the latter showing some growth at 0 1 umt 
per ml after prolonged incubation of the culture, but not abo\e that concentra- 
tion Streptomj’cm was onlj' about one-third as actne upon the saprophj'tic 
mj’^cobactenum as neomycin, the actmty of streptothncin being less than one- 
tenth, and of aureomj'cin less than one-hundredth 
In further studies of the effect of neomj cm upon the grow th of mj'cobactena, 
it was found that the size of inoculum was of considerable importance within 
certain hmits When an inoculum of 1 10 was used, 0 2 umt per ml of neo- 
mycin was required to inhibit the growth of Mycobacterium 607, when the 
inoculum was 1 1,000, grow-th was completelj' inhibited bj-- 0 1 umt per ml 
When repeated transfers, using approximately 122,000 cells, to fresh medium 
were made from those cultures m which growth occurred m presence of neomj'cm, 
only a veiy limited increase in resistance took place These results emphasize 
further the fact that neomj’’cin favors much less the development of resistance 
among mycobactena than anj' of the other antibiotics tested 
A senes of plates containing varjnng concentrations of neomycin were inocu- 
lated with large numbers of viable cells of Mycobacterium 607 (2 milhon cells per 
plate) Only 0 1 unit per ml permitted growth When pieces of agar were 
removed after seven daj^s’ incubation and placed m fresh hqmd medium, growth 
occurred from the plates containing 0 1 unit per ml after two daj’s, 0 5 umt per 
ml to 1 0 umt per ml after six daj’^s When such pieces of agar were removed 
after fourteen days’ incubation and placed m fresh hqmd medium, growth 
occurred only from the 0 1 umt per ml plates, but not from those containing 
the higher concentrations of the antibiotic This points to the marked bacteri- 
cidal effects of neomycm These observations were confirmed in vanous subse- 
quent quantitative studies In a more detailed studj’-, the mj’-cobactencidal 
properties of neomj^cin, streptomj’^cm, and streptothncin were compared 
Washed suspensions of mycobacteria were used and the number of cells was 
measured bj’^ the plate method It was found that neomj cm was the most 
bactencidal of the three antibiotics and streptothncin the least 

Comparahve effects of streptomycin and neomycm upon Mycobacterium 607 
Although the saprophytic Mycobacterium 607 behax es in its phj’-siologj", rate of 
growth, and other properties m a distinctly different manner from the pathogenic 
mycobactena, it lends itself readily to detailed studies of the type planned here 
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^^^lonc\c^ possible, such experiments weie finallj checked by the use of patho- 
genic forms 

It has been showm that ^fycohaclcrlum G07 is seusitn c to 0 1 unit of neomycin 
Thib \arie3 somenhat depending on the medium and the length of incubation 
period In conformit\ nith the abo\ c results, it was found that this organism is 
not only more bcnsitn e to noom> cm than to streptomj cm, but that it also allon s 
less dexelopment of resistant ■^trains, as may be scon in figure 1 The latio of 
scnsitiMtv of Mtjcohacknum COT to streptomj cm, ns compared to neomj'^cm, is 
0 4 0 1, the latter antibiotic being thus four times as cffectne as strcptomj'cm 
against this organi^Jm 



Fig 1 Inhibition of growth of Mycobacterium 607 by different concentrations of strepto- 
mj cm and ncomjcin 


That neomjem is as effective upon the streptomj’-cm-resistant strain of 
Mycobacterium 607, namelj" G07R, as upon the sensitive one is illustrated m 
figure 2 The culture used in this experiment a\ as not made absolutely resistant 
to streptomycin, since it was usually inhibited by 400 y per ml of this anti- 
biotic, as compared to the sensitmty of the normal strain (0 47 per ml ), it may 
be considered relatively resistant The resistance of this strain to neomycin 
IS only slightly greater, namelj”" 0 2 unit per ml as compared to 0 1 unit per ml 
in the case of the streptomycin-sensitive strain 

Effect of inoculum upon the sensitivity of Mycobacterim 607 to neomycin 
It Mas pomted out above that neomycin does not favoi the rapid development of 
resistant strains In these studies, a 7 day old culture of the organism was 
diluted one thousand fold \nth Dubos-Tw een medium, and turbidimetric readings 
were made daily vith a Klett-Summerson photolometer To test the effect of 
inoculum upon the activity of neomycin, a 5 day old culture of Mycobacterium 
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607 was diluted -^Tth the Dubos-T^een medium to 1 10,1 100,1 1,000 Dupli- 
cate tubes weie incubated and readings made dailj'^ The results (figuie 3) 



Fig 2 Inhibition of growth of streptomycin-resistant strain of Mycobacterium 607 
(607B,) by different concentrations of streptomycin and neomycin 




1 1,000 

Fig 3 Effect of inoculum upon gro^ th inhibition of Mycohaclenum 607 bj neomycin 

shoM that in the 1 1,000 inoculum the limiting effective concentration of neo- 
mjmin is 0 1 unit per ml , vhereas the 1 10 inoculum requires 0 2 unit per ml 
for growth mhibition The 1 100 inoculum fell between 
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When repeated transfers were made from the tubes giving growth of the 
organism in the piesence of 0 05 unit pei ml and 0 1 unit per ml of neomycin 
into fresh tubes containing varying concentrations of the antibiotic, no marked 




Fig 4 Effect of neomycin upon the growth of streptomycin-sensitive strains and strep- 
tomycin-resistant strains of Mycobacterium tuberculosis 


increase m resistance vas obtained The slight increase frequently observed 
usually expressed itself in an earlier initiation of growth at a given limitmg zone 
of inhibition, z e , growth in piesence of 0 1 unit per ml was now observed first 
after one to three days’ incubation as compared to the previous six to eleven days 
The 1 1,000 dilution of the culture w^hich was grown in the presence of neomycm 
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required 0 2 unit per ml for mlnbition of growth in place of the onginal 0 1 unit 
per ml In general, when large numbers of Mycohadenum 607 were placed in 
contact with neom3*cin and ^^^th streptomj’cin in glj'cerol-nutnent agar media, 
neomycin proved to be much more bacteriostatic than streptomj'cm In one 
experiment 0 5 unit per ml of neomj’’cin completely inhibited the growth of 





Fig 5 Inhibition of growth of streptoinj cm-sensitive Geft) and streptoin> oin-resistant 
(right) strains of M tuberculosis H37Rv b> 3 basic antibiotics upper— streptomj cm, 
middle — neomycin , lower — streptothricin 


36,300,000 cells, whereas 1 0 7 per ml of streptom3’-cin did not inhibit one- 
hundredth that number of cells 

Effect of neomycin and other antibiotics upon the growth of M tuherculosxs HSf Rv 
The amoimt of neomycm required to inhibit growth of the pathogemc M 
tuberculosis H37 Rv and of the streptom3'-cin-resistant H37 RvR is somewhat 
greater than that necessary to inhibit growth of the saproph3’tes This amount 
was reported from different laboratories to vary from 0 2 umt per ml to 2 0 umts 
per ml Here agam, the mcubation period was found to be veiy important, as 
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may be seen m figure 4 After fourteen days’ incubation, 0 5 unit per ml was 
found to suffice for inhibition of grondli, after t\\cnty-eight da 3 ’S, however, one 
unit was required, with longer pcnods of incubation, even higher concentrations 
maj' become ncccssarj Tlus is true of both the streptomj’’cin-sensitive and 
streptomj cm-resistant strains 

Comparison of the effect of neomj’’cin upon M inhcrculosis H37 Rv with that of 
streptomj cm and streptothncin (figure 5) bnngs out several important points 
which can be summarized as follows (a) neomj'cm is at least equallj’- effective 
upon the streptomj''cin-resistant as upon the streptomycin-sensitive strain, (b) 
neomycin is about twice as actne upon M Inhcrciilosis as is streptomj’-cin, (c) 
streptotlmcm is the least effective of the three antibiotics Although strepto- 
thricin IS also effective upon the streptom 3 mm-resistant strains, nearly ten times 
as man 3 ’' umts or more are required, as compared to neom 3 ’-cm, to bnng about 
the same degree of inhibition These results can lead to only one conclu- 
sion, namel 3 ^ that of the three basic antibiotics active uponilf kiherculosts, neo- 
m 3 'cm IS the most potent and streptothncin the least 

For the sake of completeness, it ma 3 f be of interest to record here certain 
Iiertinent data on the effects upon m 3 ’^cobactena of another antibiotic produced 
b 3 ’‘ a member of the genus Slrcptomyces, nameb’' aureom 3 '-cin, as showm in some of 
the tables reported previously Whereas streptomycin inlubited the growth of 
Mycdbadcnum 607 for four da 3 ^ wffien the concentration w as 0 2 y per ml and 
for fourteen da 3 's when 0 4 y per ml , it took 5 y per ml or 25 times as much 
aureomycin to produce the same inhibition in two da 3 's, and 50 y per ml or 125 
times as much to inhibit the growth of the organism for fourteen days Aureo- 
mycm was found to be effective alike against the streptomycin-resistant and the 
streptom 3 ’’cm-sensitive strams of Mycobacterium 607 

ITie growi,h of iff tuberculosis H37 Rv was inhibited by 1 y per ml of strepto- 
mycm durmg seven days, 2 y per ml were required for growth inhibition in 
twpnty-one days, and 4 y per ml for complete inhibition dunng twenty-eight 
da 3 's of mcubation In the case of aureomycm, however, 10 y per ml were 
reqmred to inhibit growth of the organism in four days and 50 y per ml for 
growth inhibition in seven da 3 ’-s, or 10 to 50 tunes the amount of streptomycm 
Because of these limited effects in mlro, aureomycm does not appear to be an 
antituberculous agent of promise 

Toximiy and in vivo activity of neomycin Treatment of experimental tubercu- 
losis requires larger amounts and more repeated admimstration than treatment 
of ordinary infections caused by gram-negative and gram-positive bacteria In 
the case of the latter orgamsms, including such forms as Staphylococcus aureus, 
Salmonella schotimullen, and Salmonella pullorum, it was found that a single dose 
of 100 umts by subcutaneous admimstration in imce or upon the allantoic 
membrane m chick embryos was sufficient to bnng about protection Fre- 
quently, a much ^nailer dose was effective The preparations used for this 
purpose showed a toxic level of 2,000 to 5,000 imits per 18 to 20 Gm mouse, or 
a ratio of 20 to 50 betw’^een toxicity and therapeutic activity 

In an effort to produce larger amounts of neomycm, especially in changmg the 
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composition of the medium to obtain higher potency material, certain toxic 
preparations were encountered This complicated somewhat the effort made 
to obtain immediate information concerning its tn vivo antituberculous actinty 
Before the product is standardized, before the toxic contaminations have been 
eliminated, before suitable dosages have been worked out, it is difficult to sa}’’ 
how this new antibiotic will fit into the theiapy of tubeiculosis 

SUAIALIRT 

The results of a comparative study of the antimj’'cobacterial properties of a 
new antibiotic, neom 3 ''cm, and certain other antibiotics, including streptomjTin, 
are presented These results permit the following conclusions 

1 Neomycin is more active than other antibiotics against both pathogenic 
and saprophytic mycobactena 

2 Neomycin is just as active against the streptomycin-sensitive as against the 
streptom 5 '’cin-resistant m 5 ’'cobacterja 

3 Neomycin does not allow a rapid development of resistance among them^TO- 
bactena as does streptomycin Repeated transfeis of the organism to media 
containing neom 3 ’-cin bi ought about only a slight increase m resistance 

4 The amount of neom 3 ’-cin required to inhibit the growth of m 3 ’^cobacteria 
depends upon nature of organism, size of inoculum, and length of incubation 
period The saprophytic Mycobacterium 607 is inhibited by about 0 1 unit per 
ml and the pathogenic M tuberculosis by 0 2 to 10 unit per ml 

5 Results of the in vivo studies against tuberculosis m experimental ammals 
are still msufficient to justify broad conclusions Neomycin is highly effective 
against the ordinary pathogemc gram-negative and gram-positive bacteria, the 
activity dose being one-twentieth to one-fiftieth that of the toxic dose This is 
true for both streptomycm-sensitive and streptomycin-resistant organisms The 
evidence further suggests that neom 3 ’^cm is also more active against those bacteria 
than IS streptomycin 


SUM ARID 

Accion de la Neomicina sohre el Mycobacterium tuberculosis y Otras Micobacterias 

Los resultados expuestos derfvanse de un estudio comparative de las pro- 
piedades antimicobactenanas de un nuevo antibidtico, la neomicina, 3 ’’ de ciertos 
otros antibidticos, incluso la estreptomicina, cabiendo sacar las siguientes con- 
clusiones 

1 La neomicina es mds activa que otros antibidticos contra las micobactenas, 
tanto patdgenas cuanto saprofitas 

2 La neomicina es igualmente activa contra las micobactenas tanto estrep- 
tomicmo-sensibles cuanto resistentes 

3 La neomicina no permite, corao la estreptomicina, rdpida formacidn de 
resistencia en las micobactenas Los pases repetidos de los microbios a medios 
que contenfan neomicina solo consiguieron leve aumento de la resistencia 

4 La cantidad de neomicina necesaria para inhibir el desarrollode las mico- 
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bactenas deponde de la natuialeza del microbio, la cantidad de indculo y la 
duracidn del perlodo de mcubacidn El saprofito Mycohactenum 607 is inhi 
bido apioximadamente por 0 1 unidad por ml y el patdgeno M tuberculosis por 
0 2 a 1 0 unidad por ml 

5 Los resultados de los estudios in vivo contra la tuberculosis en los animales 
de experimentacidn son todavla insuficientes para sacar amplias conclusiones 
La neomicina es altamente eficaz contra las ordmarias bactenas patdgenas 
gram-negativas y positivas, siendo la dosis activa de una vigdsima a unacen- 
tdsima de la tdxica, lo cual reza tanto con los microbios estreptomicino-sensibles 
como con los resistentes Los datos disponibles indican ademas que la neomicina, 
por via oral, es tambi^n mds activa que la estreptomicina contra dichas bac- 
terias 
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INTRODUCrriOK 

As dramatic successes have followed one another m the discoveiy of substances 
curative in most acute and some chrome bacterial infections, attention has been 
focused on those infections where such success has not been so complete One 
such infection is tuberculosis Although the discovery of streptomycin (1) has 
provided a drug of the greatest importance, most mvestigators and chnicians feel 
that it, or it alone, is not the final word m the therap}*^ of this infection 

In the mvestigation of large senes of substances for action m vivo agamst the 
tubercle bacUlus, the use of a satisfactoiy experimental animal is of prime impor- 
tance In the past the animal of choice has been the gmnea pig, although the 
rabbit and the mouse have also been used Some mvestigators, mdeed, beheve 
that the results of such tn vivo tests are only vahd for man if earned out in the 
highly suceptible gumea pig The present wnters have been led to abandon this 
latter animal m favor of the mouse for the followmg reasons Work mth mice 
in tuberculosis and other infections has shown the importance of the use of homo- 
zygous ammals when few animals can be tested and when, for this and other 
reasons, imiformity of response is desirable No ready source of homozj-gous 
gumea pigs is available while, on the other hand, many homozygous strains of 
mice are readily available Smee manj’- of the drugs to be tested are m short 
supply, it IS of the utmost importance to use a small ammal, and m the fewest 
numbers which mil give reproducible results As mil appear m the third paper 
of this senes (2), usmg homozygous mice in groups of 10 per dose lei el, chronic 
toMcity tests and tests of therapeutic effectiveness, as veil as m vitro tests, can 
be earned out mth 20 grams or less of matenal Furthermore, the use of the 
mouse entails a far lower immediate and contmumg expense than does the use of 
a larger animal, since the mitial cost is lower and imee can subsequently be housed 
and fed at appreciably lower cost than can gumea pigs Fmalljq there is no evi- 
dence that the results of chemotherapy m tuberculosis of the gumea pig are a 
more certam guide to the usefulness of a gi\ en compound m man than are the 
results obtamed m mice Indeed the reverse appears actually to be the case 
A consideration of these facts has led us to an im estigation of the use of the 

1 From the Division of Microbiologj , The Squibb Institute for Medical Research, Xeir 
Brunswick, New Jersey 
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mouse for in vivo tests for chemotherapy of tuberculosis The standardization 
and use of such a test will form the matenal for the subsequent series of reports 

LITER 4.TURE 

Although the first observation on the use of the mouse in expenmental tuberculosis was 
made in 1884 by Koch (3), this animal has been, until recently, very little used Since 
Raleigh and Youmans (4) have published a comprehensive review of the literature, mention 
wll be made here only of such work as deals specifically with the relative virulence of M 
ivherculosis var homims, var bovis, and mycobacterium avium 

Among the first to investigate the relative virulence for mice of the different types of M 
tuberculosis was Eomer (5) in 1903, who compared the virulence of 4 human and 6 bovine 
strains Since only one of the human strains approached the bovine m virulence, he con- 
cluded that bovine strains were more virulent Infection was more readily produced by 
intrapentoneal than by subcutaneous injection 

In the studies of the Royal Commission on Tuberculosis (6), although extensive experi- 
ments with many species of animals were earned out, very little work was done with the 
mouse The two routes of injection used in the mouse experiments were the subcutaneous 
and intrapentoneal In the few mice used, the dosage varied so greatly that no conclusion 
could be reached as to the relative virulence of human, bovine, and avian strains of M 
tuberculosis for this ammal 

Trommsdorff (7) in 1909 tested several bovine and human strains of tuberculosis bj 
intravenous injection into mice and found the bovine strains more virulent Peters (8) in 
1912 injected mice intravenously wnth 1 mg doses of 2 human and 2 bovine strains Only 
3 to 4 mice were used for each strain Mice injected with the bovine strains died between 4 
and 7 weeks while mice injected with the human strains showed rclatn elj slight lesions in 
the organs when killed 8 to 9 weeks after injection On the basis of these meager data, he 
concluded that the mouse could bo used to differentiate human and bovine strains Binder 
(9) injected 1 mg doses of one human and one bovine strain intravenously into white mice 
Six mice injected wath the bovine strain died between the twentj -sev enth and fiftj -seventh 
dajs, while 7 mice injected with the human strain showed onlv a few discrete lesions when 
lalled between the one hundred thirtieth and one hundred eight} -eighth dnvs The rasults 
of Trommsdorff, Peters and Binder, although obtained with small numbers of mice, are in 
agreement On the other hand, Lange (10) in 1922, using 4 human and 3 bovine strains, 
injected mice intrav cnously with doses of 1 0, 0 1, 0 01, andO 001 mg and concluded that the 
virulence of the two types was the same In this work also, the number of mice used was 
small, only 2 to 6 mice for each dose of culture 

Browmng and Gulbransen (11) in 192G tested the virulence for mice of 7 Iiuman and 6 
bovine strains Three mice onlv were used for each culture The dose in all cases was 0 75 
mg injected intrapontoncall} In goner il, mice infected with the human strains lived 
longer than those infected with the bovine strains Also, sev oral human strains failed to 
produce infection whereas no failure occurred wath the bov me strains 

Gunn, Nungester, and Hougen (12) m 1931, using recent!} Lsolatid human, bovine, and 
avian strains, found mice cquall} susceptible to the human and bovine but resistant to 
avian strains One mg doses of human and bovine strains injected int rapcntonealh ga. e 
av ernge surv iv al times rcspcctiv elv of 4G and 45 dav s The av crage siirv iv al tinif* follow mg 
intrav cnous injection of smaller do'jcs was much shorter \.v lan bacilli never caused a fat al 
infection even when a largo dose (1 mg ) vvas injected intrav enough , but rharic'en tic Ic 
Eions were produced in the liv cr and spleen while the lungs were usiialh fri e of grews If- or'- 
Sehwabachcr and Y ikon (13) in 1937 tested the virulence for mic< of 2 hum tv, 2 bov me 
and 4 av lan strains \. dose of 200 million bacilli injected intr-venou':! into ^ to 2! ac 
was used The liuman and bovine ^trains vvere found to be rqualh ' irilf i*, al! mfc'-'ea 
mice died, and the mean time of death w as 25 5 and 32 5 dav s fo^ tl r j •n'- a'a! 22 v 
and 30 for the bov me at rains The avian strains w ere Ic v I'ulcnt tJ hoarlwid'- a'-'a 
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tion in virulence, appro\imatel> one-half the mice survuved and the mean times of death 
for the 4 strains were 39 6, 57 5, lOS 5, and 13S 3 dajs 

Stamatin and Stamatm (14) in 1939 earned out an evtensive studj of the virulence for 
white mice of recently isolated strains Ten human strains and 9 vanants, 10 bovine strains 
and 2 v anants, and 4 avian strains were used The cultures were injected intrav enoush in 
doses of 1 0, 0 1, 0 01, and 0 001 mg Resultswith the human and bovine strains were similar 
with the larger doses but with the smallest dose (0 001 mg ) the length of life was shorter 
and the lesions more severe in mice injected with the bovine strains Avnan strains were 
much less virulent than human or bovine strains 

Pagel (15) in 1940 observed that human and bovine strains when injected intracutane- 
ouslj into mice induced more pronounced lesions than avian strains Long and Vogt (16) 
in 1941 found no difference in the response of white mice to intrapentoneal injection of 1 0 
mg doses of a human and a bovine (Ravenel) strain 

It IS somewhat difficult to draw definite conclusions from the data presented bv these 
investigators since no standard procedures were used While there is disagreement in re- 
gard to the relative v irulence for mice of human and bovune strains, it is clear that both 
possess far greater vurulence than the av'ian tjpe There are undoubtedlj’- strain differences 
wsthin tjpes but it appears that bov ine strains maj be universallj’' more virulent than 
human strains 

In the present senes of papers, investigation leading to the establishment of a standard- 
ized test in mice for antituberculous activity is outlined In evolv ingsuch a test the first 
consideration was choice of a satisfactory strain of jl/ tuberculosis Such a strain must 
possess sufficientlj' high and constant virulence to give reproducible results The choice of 
culture, dosage, and methods of maintenance are presented in the first paper of this senes 


MATERIALS AND METHODS 


Cultures Two strains of M tuberculosis var hominis, H37 Rv and R, and two strains of 
var bovis, Ravenel and D4, were used m the present studj The H37 Rv strain was ob- 
tained from Mr William Steenken, Jr , Trudeau, New York, and the R strain from Dr 
Arnold Rich, the Johns Hopkins Hospital, Baltimore, Maryland The Ravenel strain was 
obtained from Dr hlav Lurie, Henry Phipps Institute, Philadelphia, Pennsylvania, and 
the D4 strain from Dr Harold J White, Amencan Cj anaimd Co , Stamford, Connecticut, 
who had obtained it from Dr hlaurice L Cohn, National Jewish Hospital, Denver, Colo- 
rado 

Medium Stock cultures were kept stored at 3°C on the Jensen and Holmes modification 
of Loewenstem’s medium (17) Because of the difficulty expenenced in obtaimng a sterile 
medium, even with inspissation repeated on three successive days a preliminary steriliza- 
tion of the potato flour was introduced When this was done, one inspissation only was 
sufficient to give a sterile medium The formula is given below 

Loewenstexn Medium 


(a) Mineral salt solution 
Anhydrous potassium sulphate 
Anhydrous magnesium sulphate 
Magnesium citrate 
Asparagine 
Glymerine 

Distilled water to make 


12 Gm 
0 12 Gm 

0 3 Gm 

1 8 Gm 
6 ml 

300 ml 


Dissolve and sterilize at 100°C for two hours ^ 

(b) Sterilize 15 Gm potato flour in a 2 liter Erlenmeyer flask in hot air oven at ISO^C for 
two hours When cool, add mineral salt solution and place in boiling water bath Agitate 
constantly until a soft paste is produced (20 to 25 minutes) Place in 56 C water bath for 
one hour 
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<c' 30 *< 1 3.' n'n! p! c« 5n 70 j>f‘r cf nt nicolin, for ton to fifteen minutes 

\!ix c??'' in ’’■,1 ’c W ’i”'!;; }>>( liier fo" our li“!f rnlnuto 'ind nejei to miner'll •'ill stircli so 

1*1*10 i 

t* \<f.* SO r I n J ;>e*' ?>■ • 'tSiHcluu jtnrn *otutton »\liieh hm been innihitcd nt 
“tT'r <:> r- iiffit ^Sn ;lir>'n"iir3i! *1011 filtir thrntiph rieriJe ;:ui-e Tube nnd place in 

* •‘•i -jli f- ,• Vi'C I 'll (’ !e ijvi risu'-e up'lottli toT'i'C ttliiaxlioulcl t il e about one 
1 n Hob’ -• 7Vr for fort' Tm 'niinte*’ \o I'Ub^iquent pteribration ta nece'*>ari 
Cul* I’-es to 1 >* u«r I for mol.'e injortion wore {fown, after the manner of Diiboa (IS), in 
a bi,u'(i ” o'lit! a ce-*a)ninK Tii-een ‘>0 anti rerun nlbumn As n ba«ir medium, ICirchncr'a 
(503 » ,n'A e'le I’lr bt n to \ h.eh « >« added 0 O.*; pe- rent 1 ireeu SO to induce diffuac pro , lli 
ao . 0 3 3 v r ce i* ha n.i 'e-am albumin, tv a* u*ed ^ 25 j>er cent roluf ion of human reruin 
a’bumn in <,i<li!U * vvater, •'tenbred b\ filtration, tran nddrd to the pm loush autorlavcd 
Ki'f’ t er I tteen M r'c bum in an enoun’ viFicienl to mat e a final concentration of 0 1 per 
ccn, •cm 1 allnimin T 1 e fomuln for the Ki*ehner medium is a*- follour 

KtTCh’-fT S^rtthri.r Mrdi ;in 


NaUrn. 3 0 Gm 

ICff.POi 4 0 Gm 

0 C Gm 

Sodium citrate 2 5 Gm 

A'pamcire 5 o Gm 

Iron ammonium citrate 0 05 Gm 

Ghctnne 20 ml 

Dir* died vrater 3,000 ml 


tfc rtcreree of cult ire- The culturts to be lU'cd for mouro injection were grown in 50 
ml nrlcnnirtcrflar! « coiit lining 20 ml of Kirchucr Twcon SO rorum albumin medium An 
inoculum of 2 ml of n culture groan in the ■'•ime manner a os used Cultures aero incubated 
for fit e da'**! at 3T'C 

3f ce CFl nlbino mice acighinp 10 to 20 Gm aero used in nil caperimcnts The injec- 
tions acre m ide bv the intratcnoiis route Cultures v ere diluted so that the required dose 
a as coin lined mat olumc of 0 5 ml since it a as bolict ed tint this t olume ensured a more 
conit •’lit dole than could lie icluct cd bt the uee of smaller t olumcs such ns 0 1 or 0 2 ml 
Throughout ihi® p iper the dos-^ge a ill bo pten in terms of undiluted culture, that is, if the 
dose mod IS 0 5 ml of a 1 10 dilution it aill be pton ns 0 05 nil of undiluted culture The 
mice \ cro observed d iilv and group weights acre taken at iiifcrv als of three to four dnjs 
vU*ops''‘s c re performed on all mice to exclude the possihilitv of dc ith from causes other 
til n tuberculosis 

In theespenments a Inch follow, the tjo, or calculated 50 percent surviv al time, was used 
in ell virulence studios The 50 per cent survival times were calculated from time mortality 
curves according to the method desenhed in the second paper of this series (20) 

RLSULIS 

Choice of Medium 

Expcnmcnls m iilro The announcement bj Dubos (18) and Dubos and Davis (21) of a 
medium in a Inch tubercle bacilli grew rapidlj and diffuselj , and j ct retained their acid-fast 
charactcnstics and virulence, ofTcred the means of siraplifjing both the cultivation of 
tubercle bacilli and the standardization of suspensions to bo used in experimental work 
The agent a Inch thoj found to be most satisfnctorj’ for the production of diffuse grow th a as 
Tacen 80 (poljo\}cthvlene derivative of sorbitan mono-oleatc) a non-ionic surface active 
compound obtained from the Atlas Products Co of Wilmington, Delaware It was found 
that, while Tween 80 induced rapid and diffuse growth of the tubercle bacillus, there was 
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present in the commercial preparations an amount of uncstcrified oleic acid sufficient to 
e\ert a growth-inhibitory effect This could be removed chemically from the commercial 
product (22) or counteracted by the addition of serum albumin to the medium 

Dubos and co-v orkers (21, 23 , 24, 25), after evtensivc investigations on the composition 
of media containing Tween SO and serum albumin, have recommended certain basic for- 
mulae Sattler and Youmans (26), using both a modified Proskauer and Beck synthetic 
medium and the basic medium of Dubos, ha\e studied the effect on growth of the H37 Rv 
strain of the addition of Tw een SO and serum albumin to the medium These investigators 
found that Tween SO, either purified or unpunfied, had an inhibitory effect on growth 
When 0 2 per cent serum albumin was added, there was no inhibition for the first five days 
but thereafter a decrease in growd,h was noted in the media contaimng Tween SO Growth 
in the modified Proskauer and Beck medium appeared to be somewhat better than in the 
Dubos basic medium 

In this laboratory no extensive study of the relative ments of vanous media 
has been made How ever, a companson was made of Kirchner, Proskauer and 
Beck, and Long’s synthetic media for the support of surface growth of M tuber- 
culosis Blake bottles contaming the three media were inoculated by loop trans- 
fer with the H37 Rv and Ravenel strains grown on the surface of Kirchner’s 
medium Growi;h of the H37 Rv stram was equally rapid on the Kirchner and 
Proskauer and Beck media but was slower on Long’s medium At a time when 
the surface of the two former media was entirely covered by growth, only shght 
spread had occurred on Long’s medium Growth of the Ravenel stram w as more 
rapid on Kjrchner’s medium than on the Proskauer and Beck and was very slow 
on Long’s medium 

A conference with Dr Dubos at this time levealed that he also had found 
Long’s medium less satisfactory than one of his own devismg which was much hlce 
the Kirchner medium m composition 

A companson of the growth of 2 human strams of M tuberculosis (H37 Rv and 
R) and 2 bovme strams (Ravenel and D4) was made m the followmg media 
Kirchner’s medium, with and without glycerine, contammg 0 05 per cent Tween 
SO with 0 05, 0 1, and 0 2 per cent human serum albumm, and Dubos (21) Tween 
80 serum albumm medium with asparagme, and the same with enzyunatic 
hydrolysate of casern The vanous media were distributed m 150 by 18 mm 
Pyrex glass tubes in 5 ml amounts Cultures for seedmg, which were grown m 
Kirchner-Tv\ een 80 serum albumm medium, were added to the vanous media to 
make final concentrations of 1 400, 1 800, 1 1,600, 1 3,200, 1 6,400, and 
1 12,800 The tubes which v ere meubated at 37°C were observed at tv o day 
mtervals and the degree of turbidity noted 

The rapidity’- of groivth of the 4 strams m decreasmg order was H37 Rv, R, 
Ravenel, and D4 The human strams grew equally well m all media Growth 
of the Ravenel strain was inhibited or retarded m the Kirchner medium con- 
tammg the least amount (0 05 per cent) of serum albumm, an amount probably 
msufficient to neutralize the free oleic acid present in the Tween 80 Growth 
occurred equally well m all other media The presence of glycerine m the Kirch- 
ner medium exerted a retardmg effect on the gro-wth of the D4 stram 

Experiments in vivo The comparative yuruience for mice of the H37 Rv and 
Ravenel strams, when grown both as a pelhcle on the surface of Kirchner’s 
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medium and diffusely in the same medium containmg 0 05 per cent Tween 80 
and 0 1 per cent human serum albumm, was tested in one experiment 
Suspensions of cultures grown for seventeen days on the surface of Kirchner’s 
medium were prepared as follows The cultures were drained free of fluid on 
steiile Alter paper, removed from the paper, weighed, ground in a Ten Broeck 
Pyrex glass tissue grinder, and suspended in normal saline in a concentration 
of 0 1 mg per ml The cultures which were grown in a medium contaming 
Tween 80 and serum albumin were transferred four times in the medium before 
use in the virulence test in mice The cultures were diluted to a turbidity 
corresponding to that of the 0 1 mg per ml suspensions As in general, the 
H37 Rv stram grew more luxuriantly than the Ravenel, the former was diluted 
1 20 and the latter 1 10 All cultures, properly diluted, were injected intra- 
venously in 0 5 ml amounts into groups of 10 mice each 

It is realized that turbidity determinations give only a crude estimate of 
dosage Therefore, as a further means of estimating the uniformity of the 
cultures, they were diluted and plated on the surface of Loewenstem’s medium 
for colony count In later work, in which cultures were plated on bothLoewen- 
stem’s medium and on Kirchner’s agar containing Tween 80 and serum al- 
bumin, it was found that higher counts were obtamed on the Kirchner agar 
medium In neither case, however, can it be assumed that the count represents 
the actual number of organisms viable and infective for the mouse 

In table 1 the results of this experiment on the comparative virulence of 
surface and diffusely growm cultures are given From the hmited data ob- 
tamed, it would appear that diffusely grown cultures are at least as virulent 
for the mouse as those grown on the surface m the traditional manner This 
IS in confirmation of the work of Dubos and co-ivorkers (23, 27) who have 
amply demonstrated the virulence of cultures grown diffusely Because of 
the demonstrated virulence of diffusely groivn cultures and the fact that 
they yield more rapid growth and are easier and safer to handle and to stand- 
ardize, this type of culture was used in all further w ork 

In three different experiments comparison was made of the virulence of the 
Ravenel culture grown in Kirchner’s medium containing 0 05 per cent Tween 
80 and 0 1 per cent human serum albumin and in Dubos basal Tiveen-albumin 
medium (24) Groups of 10 mice each received intravenous injection of the 
tv 0 cultures standardized to the same turbidity The dose used (except one 
culture) was 0 5 ml of a 1 10 dilution or 0 05 ml of undiluted culture In 
the first expel iment, growth of the culture in Dubos medium vas heavier than 
in the Kirchner-Tween serum albumin medium Consequently, the former 
culture was diluted 1 15 in order that the cultures as mjected should have the 
same turbidity 

The culture grown in the Kirchner-Tween 80 serum albumm medium pro\ ed 
to be the more virulent As evidence to be presented later will shov, the 
Ravenel culture contains organisms differing in degree of virulence It is 
possible that the Dubos medium might favor the growth of the organism'^ of 
lesser virulence The results are given m table 2 
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811100 cxporimont'^ tti u(ro Ind shown thnf Kirclincr’s medium, containing 
0 O'* per cent Tween SO and 0 1 per cent human ‘•orum alliumin, cati-^factonly 
•supported growth of eiiltuie*- of tuhrrculo^t^, and experiments in mo bad 
demonstrated tint eultures grown in thi’' medium wen \ indent for mice, it 
was adopted ns the standard nudmm 

Choicr of Siratn of ^f (uhcrculov'i 

Since the compnratix e n\ irulente for mice of nx inn strains of df lubcrculosh 
has been nmph demonstrated (12,13,11), only the 2 human and the 2 bovine 
strains discus=ed ahore were studied for xindence 


TABLC 1 

Conpnnson of 1 irnlcncc of Surface ard Dxjffuse Grourth of the HSi Rv and Ravcntl Straxm of 

if (itherctilorxs 


STRAIN 

irrr or c»o*^Tn 

vrwnr* or wicr 

Dojc r nu\E 
' 0w5 

TVJ»r» OIC4S 
15\IS X'.JtCTTD 

Til 

in- 

‘’iirface 

10 

0 05 mg 


34 

1137 R\ 

DifTuKc 

10 



25 

Rax cnol 

Surface 

10 



22 

Rax end 

Difru«o 

10 

0 03 ml 1 


IS 2 


TABLE 2 

Comparison of Virulence of V tuberculosis Raicncl Grown in Kirchner-Twecn SO Medium 

and in Duhos-Ttreen SO ifedtum 


txri:*! 

ilt T 

CUITCltClO^Nl KISOIVER UCDirV 

crtTriE ctowN r di?bos uzonru 

Nunber 
ol mice 

Do5e j 

Number orRamsms ! 
injected* ] 

T„ j 

Number 
of mice 

Bose 

Number Orpimsms 
injected* 

T,. 



Pit 




nl 



1 

10 

0 05 

1,200,000 

21 S 

10 

0 033 

1,600,000 

34 

2 

10 

0 05 


IS 0 

10 

0 05 


24 

3 

10 

0 05 

400,000 

19 0 

10 

1 0 05 

1 

550,000 

23 


• These figures wore obtained from colonj counts made from platings on Loewenstein’s 
medium The eultures in csperimcnt 2 were not plated 


Cultures to be used for mouse injection were grown for fixe clays at 37°C 
m Ivirchner’s medium containing 0 05 per cent Tween SO and 0 1 per cent 
human serum albumin The cultures, diluted 1 10 m saline, were injected 
mtrax enousl}'^ in 0 5 ml amount into CFl albino mice weighing between 16 
and 20 Gm The dose, m terras of undiluted culture, was thus 0 05 nil The 
numbeis of mice infected with the different cultures were Ravenel, 150, 
H37 Rx, 106, D4, 30, and R, 31 

The cumulative rates of death produced by the 4 cultures plotted on arith- 
metic-probability papei are shown in figuie I 

men the cultures aie compared at the time of 50 per cent mortality, they 
can be arranged in decreasing ordei of virulence as follows Rax'enel, D-1, 
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H37 Rv, and R This represents a diffeience m tunc of death between the 
first and second and the second and third cultures each of only about H days 
and betn cen the hst t\\ o of about 13 dal’s The R strain m as thus shoira to 
be much less viralent than the other three strains "'fMien the Ravenel, H37 
Rv, and D4 cultures aie corapaied at the time of 80 per cent mortality, the 
greatei vinilence of the Ravenel culture becomes more apparent At this 
time, the cultures arranged in decreasing oidei of \irulence are Ravenel, H37 
R^, and D4, with appioximatelj’- 5 and 8 daj’^s difference respective!}’’ between 
he RaA enel and the tw o cultures of lesser \nrulencc, H37 Rv and D4 



Fig 1 Rates of death of mice infected ■with four strains of M tuberculosis at a constant 
dose 

It IS important m therapeutic tests that all control ammals die regularly within 
a comparatively short space of time The Ravenel culture best fulfills this 
requirement since it is rare for any mouse to survive beyond a 35 day period 
following infection vuth this stiam With the H37 Rv, D4, and R strains, 12, 
20, and 45 per cent, respectively, of the mice survived beyond this period 
Since there might be some advantage m using a human strain and particularly 
one which has been used as widely as the H37 Rv, further experiments 'with this 
and the Ravenel strain were carried out In these expeiiments two additional 
dose levels were used, that is, doses two and one-half times that previously used 
All injections vere given mtiavenously, the cultures being diluted so that the 
required dose was contained m 0 5 ml The three doses, in terms of undiluted 
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culture, ^\cic 0 1,0 05, and 0 025 ml The numbers of mice infected iMth each 
dose of culture ^\OIe as shoi\n bclon 


posr or cutTOEn 

»mniES or i-icr 

Ruvcnel 

miRv 

nl 



0 1 

150 

40 

0 5 

150 

lOG 

0 025 

139 

40 


The per cent mortality on daj's 10 to GO after infection is shoira in figure 2 
In tins limited experience the 0 1 ml dose of H37 Rv appears to be comparable 



Figs 2 and 2A Rates of death of mice infected with two strains of M tuberculosis at 
three different dose levels 


to the 0 05 ml dose of Ravenel and might be satisfactory for therapeutic ex- 
periments since all mice were dead before 30 days Another factor, however, 
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must be considered Since the 0 05 and 0 025 ml doses of H37 Rv gave 12 
and 15 per cent survivors, respectively, at 36 days there is little margin of safety 
if slight variation in virulence of culture should occur With both the 0 05 
and 0 025 ml doses of Ravenel, the number of survivors v as negligible 
The Ravenel strain was thus chosen tentatively as the standard culture for 
therapeutic studies It was planned that this selection would be reviewed at 
a later date when actual therapeutic studies were run with drugs of Icnown 
antituberculous activity in man (2) 



Fig 3 Rates of death of mice infected with the Ravenel strain of M tuberculosis at five 
different dose levels 


Standardization of Dose 

The essential features of a standard dose are death of all contiol mice within 
a given time and uniformity of results in different expenments Five different 
doses of the Ravenel culture have been studied The results ivith doses of 0 1, 
0 05, and 0 025 ml have been presented in figure 2 These results with those of 
two additional doses, 0 2 and 0 0125 ml are presented in figure 3 The numbers 
of mice in these two lattei groups were 50 and 40, respectively 
Twenty-five per cent of the mice leceivmg 0 0125 ml of the Ravenel culture 
survived beyond the 35th day, W'hile wuth the othei four doses either none or 
less than one per cent survived The results obtained with 0 0125 ml of the 
Ravenel culture are similai to those obtained with larger doses of cultures of 
lesser lurulence Since doses of 0 025 and 0 05 ml both gave greater than 99 
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per cent mortality at 35 days, it was believed that the latter dose would give 
constant results even if slight vanation m ^ irulence of the culture should occur 
A dose of 0 05 ml (0 5 ml of a 1.10 dilution) was consequently’’ adopted as the 
standard for use m therapeutic experiments 

Saline vs Egg YolL as a Suspending Medium for Cultures 

In the experiments which have been described, sahne was used as the diluent 
for all cultures Pierce, Dubos, and IMiddlebrook (27) have found that cultures 
of M tuherculosis possess greater virulence for mice when 25 per cent egg yolk 
IS used as a suspending medium 

Tests vere made of the %nnilence for mice of M fubcrculosts Ravenel at five 
different dose le\ els v hen diluted in sahne and m saline containing 25 per cent 
egg yolk A 50 per cent egg yolk suspension v as prepared and mixed mth an 
equal volume of culture suitably diluted to gi\ e the final concentration desired 


TABLE 3 

Enhanced Virulence for mice of M tuberculosts Raienel When Diluted in Saline Containing 

S5 per cent Egg Yolk 


DOSE COLTUS£ , 

SALDCE StTSPE^*SIO^ 

EGG \OtE SUSPESSrOS 

Number mice 

Ti. 

Number mice 

T.i 

0 2 

10 

14 6 

10 

10 s 

0 1 

10 

15 8 

10 

12 5 

0 05 

32 

IS 5 

30 

16 2 

0 025 

10 

22 4 

10 

IS 0 

0 0125 

10 

25 6 

10 

22 4 


The diluted cultures were injected intravenously into mice m 0 5 ml amounts 
Ten mice were used for each dose except the 0 05 ml dose m which case 32 mice 
received the sahne suspension and 30 mice the egg 3 'olk suspension 
The tso 8 for the 10 groups of mice may be seen m table 3 
With all doses of culture, the tso s for mice mjected with the egg ymlk suspen- 
sions were approximately 2^ to 4 days less than foi those mjected with sahne 
suspensions The time mten’al betv een first and last deaths was approximately 
the same for the groups mjected with sahne and egg ymlk suspensions Smee 
the use of egg jmlk rendered both the preparation of moculum and the mjection 
more difficult, however, it seemed better to adheie to the use of sahne suspen- 
sions and achieve the desired sumval time bj’’ control of dosage 

Maintenance of Virulence 

Storage of culture at S°C As is frequently the case with cultures of other or- 
ganisms, it was found that continuous serial transfer resulted m decrease m viru- 
lence, while cultures stored m the same medium at 3°C for periods as long as 
eight to ten months retained virulence 












EXPERIMENTAL TUBERCULOUS INFECTION IN MICE 


101 


Weeldy serial transfers of a culture were made dunng a four month period 
During two months the virulence remained unchanged but dunng the third and 
and fourth months it gradually declined At the end of four months the cul- 
ture used to initiate the series, which had been stored at 3°C , was transferred to 
fresh medium and the virulence of the stored culture compared with that of the 
continuously transferred culture Senal transfers from the stored culture were 
then continued for five months when its virulence also declined These data 
are presented in table 4 

It IS thus possible to maintain virulence in cultures stored m Kirchner-Tween 
80 semm albumm medium at 3°C 

It was found that cultures stored at 3°C for long periods of time grew slowly 
V hen transferred to fresh liquid medium In order to determine what reduction 
in viable organisms occurred during long storage, serial dilutions of a culture 
stored for ten months were plated on Kirchner’s agar containing 0 02 per cent 
Tween SO and 0 25 per cent serum albumm The counts indicated 430,000 

TABLE 4 


Comparison of Virulence of M tuberculosis Ravenel When Continuously Transferred and 

When Stored at S°C 



CONTIKUOUSLY THANSFEfiJlED 
JUKE 4 TO DECRitBER 31 

1 

STORED JUNE 4 TO OCTOBER 4 
CONTINOOUSLY TRANSEEHEED 
OCTOBER 4 TO FEBRUARY 

Number mice 

Ti. 

Number mice 

Tso 

June- July 

130 

19 3 

1 

Stored 

August-September 

110 

22 6 

stored 

October-December 

100 

25 4 

120 

19 4 

January 

Discontinued 

60 

19 5 

February 



30 

26 3 


Viable orgamsms per ml while fresh virulent cultures plated in this manner give 
an average count of 17 by 10® viable organisms per ml 

It w^as further found that large mocula of old cultures sometimes failed to 
initiate grow th m fresh media but that growth foUow'ed the use of smaller mocula 
This inability of a large inoculum to produce grov4h is illustrated m the follow mg 
e\peiiment Ten-fold serial dilutions of three cultures, stored for one year, si\ 
months, and twm W'eeks respectively, w^ere made m a series of 5 tubes contaimng 
5 ml of Kirchner-Tv een albumm medium The tubes were incubated at 37°C 
Tuibidit 3 '^ leadings w^ere made at two to three day intervals Growth did not 
occui m the 10~^ dilution of the culture stored for one year but did occur m dilu- 
tions 10“- to 10“® The cultures stored for six months and twm weeks grew m 
normal fashion, that is, tubes containing the larger mocula grew more quiclclj’’ 
than those containing smaller mocula The rapidity of growth of the three 
cultures w^as mversety proportional to the length of storage The results are 
given m table 5 

A culture gn en a ten minute supersonic exposure show ed the same mabilitj 
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to gro^r in fresh medium n’hen large inocula Mere used It n as further found 
that supersonic treatment of the Ivirchner-Tsveen serum albumm medium ren- 
deied it mcapable of supporting groirth Mhen inoculated inth a culture of Jlf 
iuherculosis It seems piobable that slow h 3 ^drotysis of Tiveen 80 during a long 
period of storage at 3°C , or rapid h 3 ’’drol 3 ’’sis due to supersomc treatment, re- 
leases enough free oleic acid to mhibit grondh in fresh medium when large 
inocula are used 

Passage of culture through mice Pierce, Dubos, and Middlebrook (27) main- 
tain the virulence of cultures of M iuherculosis bj’’ passage through mice The}'’ 
readily obtained virulent cultures from lung, heart, or spleen tissue b}'’ cultiva- 
tion in hquid medium 


TABLE 5 

Growth of Three Cultures of M tuberculosis Ravcncl after Storage for One Year, Six Months, 

and Two TVecks 


cutToKE-ina: or stosace 


TUK 

BID- 

j One j ear | 


Six nontlis 



Tiro trecls 


in 

j Culture dilution 

1 

IQ-l 

tO-i 

ir» 

io-< 

10-* 

10-1 

icr» 

io-» 

to-t 

10-* 

in 

m 

lO-* 



dc^s 






Tr ^ 



j 







2 

Tr* 

— 

— 

— 

— 


— 

— 

— 

— 

-f 


— 

— 

— 

4 : 

Tr j 

— 

— 

— 

— 

2-h 

-j — 

— 

— 

— 

2-h 

■h 

-f- 


— 

7 

Tr 

_ 

— 

_ 

— 

1 4+ 

3+ 

•+• 

[ _ 

! — 

4+ 

1 + 

1 2-h 

1 -f 

— 

10 

Tr i 

— 

— 

i 

— 

4-}- 

4-b 

2-1- 

— 

_ 

4-b 

4-h 

3+ 

2-h 


13 

Tr 

+ 

+~ 

' _ 

— 

4-b 

4-b 

3-b 

+ 

+ _ 

l-b 

4-f- 

3+ 

3-h 

2-h 

IG 

Tr 

2+ 

2+ 

-b 

— 

4-b 

4-b 

3-f- 

2+ 

2+ 

4-b 

4+ 

1+ 

3+ 

3-b 

10 i 

Tr 

4-f- 

4+ 

! 3+ 

+ 

4-b 

t 4+ 

4+ 

4-b 

3+ 

4-b 

4-h 

4-b 

4+ 

4-h 


* Tr (trace) in the 10“* dilution of cultures indicates turbiditj due to amount of original 
culture present and not to growth 


Blood and tissue suspensions of mice infected vith ill tuberculosis Raienel 
were cultured on Loewenstein’s medium, and i\ere inoculated into Ivirchner’s 
medium, and Ivirchner’s contaimng Tween SO and scrum albumin DifTicultj 
was found in obtaining positive cultures in the medium containing Iween SO 
This was found to result from the fact that mouse serum and tissue contain a 
lipase which h 3 drolj''zes Tween SO with the production of free acid inhibitor}’ to 
the grow'th of the tubercle bacillus In a further stud}’ of the sera of normal 
animals, it was found that guinea pig and mouse sera were equnll} potent in 
h}drol}zing Tween SO Rabbit serum also contained lipa-^e but to a lc=«er 
degree Dims and Dubos (25) ha\c shown that horse ^erum abo contains a 
lipase capable of h 3 drol 3 Zing Tw’cen SO Positue cultures were obtained, how- 
e\er, in Ivirchner’s medium and on Loewenstem Trinsfcrs from tho'-e media 
were made to Ivirclmer-Tw eon SO serum albumin medium for Miaiienco tc-t 
Eight cultures obtained from the blood or organ'^ of 3 different mice lia\c been 
so tested In table C is shown the high Mrulence of all of thc'C culture- 





















EXPERIMENT A.L TUBERCULOUS INFECTION IN MICE 


103 


AYhen seiial passage in mice m as tried, it appeared that the virulence increased 
through four passages The fifth passage, however, proved to have about the 
same virulence as the first Passages vere not made directly from mouse to 
mouse bj’’ use of tissue suspensions but by infecting each mouse in series with 
cultures giown on aitificial medium obtained from the previous mouse Brown- 
ing and Gulbransen (11) tested the effect on virulence of direct passage from 
mouse to mouse The}*^ used 8 strains mth 3 to 8 passages each and concluded 
that, -while virulence repeatedly appeared to increase, there was no maintenance 
of such increase 

It thus appeared that results obtained by mouse passage were not sufficiently 
umform to render ad\ isable the use of this method for maintenance of virulence 
Em'ployment of cultures derived from rough colonies Dubos, Da-vis, Middle- 
brook, and Pierce (23) and Middlebrook, Dubos, and Pierce (28) have descnbed 

TABLE 6 


Virulence of Culture of M tuberculosis Ravenel Recovered from Infected Mice 


CULTURE EECO^'ERED TKOil j 

DOSE 

NUlIBEfi inCE 

TJO 

Mouse 

Tissue 

1 

Blood 

ml 

0 05 

20 

18 8 

2 

Heart 

0 05 

10 

18 8 


Lung 

0 05 

20 

17 4 


Spleen 

0 05 

10 

15 4 

3 

Blood 

0 05 

20 

17 6 

1 

Heart 

0 05 

10 

14 8 


Spleen 

0 05 

10 

19 0 

i 

Lung 

0 05 

20 

16 4 


the gro-wth of virulent and avirulent cultures of M tuberculosis on the surface of 
a Tween albumin agar medium In order to get satisfactory growth, they found 
it necessaiy to use a 0 5 per cent concentration of serum albumin On this 
medium colomes developed within seven to fifteen days They found that the 
type of colony of both virulent and avirulent bacilli changed from rough to 
smooth as the concentration of Tween 80 in the medium was increased Viru- 
lent bacilli, however, retamed their rough characteristics m higher concentrations 
of Tween than did the avirulent bacilli 
This method of colony differentiation into -virulent and avirulent types ap- 
peared to offer an excellent opportunity to obtam highly virulent cultures de- 
rived from single rough colonies Using lUrchner’s medium as a base with the 
addition of 1 5 per cent washed agar. Tween 80 was added m 0 005, 0 01, 0 02, 
and 0 05 per cent To this agar contaimng each concentration of Tween 80, 
bovine serum albumin, fraction V, -was added m 0 1, 0 2, andO 5 per cent and 
plates were poured The plates ivere inoculated -woth 0 1 ml of 10~^ and 10~® 
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dilutions of M (ubcrculo'iis Riuenol Riown in Klrchncr-T^\ecn 80 ■^crum albumin 
medium 'J he inotulum was allowed to spioad bj genllj lilting the plates which 
weic then scaled with (ollulose (ape and incubated at 37°C 
Jn confirmation of Dubos’ rc^-ults, predominant!}'’ rough colonics appeared on 
the plates containing 0 005 and 0 01 pci cent Tween 80 and an increasing pro- 
jioition of smooth colonies on the agar containing 0 02 and 0 05 per cent Tween 


TABLE 7 


CompoTahic Vtruhnee of Cultures Bern cdfrom 5rnoof/» and Rough Colonics oJM tuberculosis 

Ratcncl 


CtLTPfiE 

COLON \ nrr 

nosn 

COLO ^ COLST 

nano /ut 

stunts 

UICT 

Til 




nt 



■■I 


1 

Rougli 

0 03 

not mndc 

10 



i 

Smooth 

0 05 

not mndc 

10 

In 


1 

2 j 

Rough 

0 05 

— 

20 

IS G 


i 

Smooth 

0 05 

■ 

IS 


11 died 23 to 76 dnjs 

7 killed SGth daj 

3 

Rough 

0 05 


20 

20 1 



Smooth 

0 05 

H 

10 


3 died 50 to ICO da>« 

7 killed ICOth dnj 

1 

Rough 

0 05 

not mndc 

10 

20 0 



Smooth 

0 05 

not mndc 

10 


5 died 35 to SI dni 

5 killed 129th dn^ 

5 

Rough 1 


G 0 

10 

20 2 



Rough 2 

119 

not made 

10 

17 S 



Smooth 1 

0 05 

93 0 

10 


6 died 17 to lOS di 3 S 

4 killed 122nd dnj 


Smooth 2 

0 05 

not mndc 

10 


10 killed 121st da\ 

6 

Rough 1 

0 05 

7 0 

10 

20 0 



Rough 2 

0 05 

7 5 

10 

20 0 



Smooth 1 

0 05 

54 5 

10 


S died 26 to 72 da\s 

2 killed 122nd da\ 


Smooth 2 

1 

0 05 

75 0 

10 


3 died 69 to lOS dnjs 

7 killed 122nd da\ 


80 The concentration of serum albumin appeared to ha\e httle influence on 
colony type With 0 05 per cent Tw een SO, how ever, grow th w as slightly in- 
hibited in the piesence of 0 1 per cent but not in the piesence of 0 2 and 0 5 per 
cent serum albumin 

In later w’ork, Kirchner agar contaimng 0 02 per cent Tw een SO and 0 25 per 
cent bovine serum albumin was used On this agar colonies appear as lough, 
intermediate, or smooth The rough colonies are flat and spieading, ha^e a 
small dense centei and a delicate lacy boidei The smooth colonies aie denser 
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and more uniform in appearance, with a glistening surface and a well defined 
edge 

Both rough and smooth colonies have been picked from 6 different Ravenel 
cultures, plated on Kirchnei’s agar contaimng 0 02 per cent Tveen 80 and 0 25 
per cent bovine serum albumin These colonies were tiansf erred to Kirchner- 
Tv^een 80 serum albumin fluid medium and, when heavy growth occurred (usu- 
ally in about seven days), transfers were made to fresh medium in the usual 
manner After incubation for five days, the cultures were tested for virulence 
In table 7 the high virulence for mice of the rough colony cultures in contrast to 
the very low virulence of the smooth colony cultures is shown 

From these experiments, it is clear that virulence is associated with the rough 
colony type which develops when the cultures are grown on agar containing 0 02 
per cent Tv^een 80 and 0 25 per cent serum albumin 

In a further study, 21 cultures derived from rough colonies have been tested 
for virulence Seventeen out of the 21 cultures gave tso 8 vaiying between 17 6 
and 21 6 days with an average of 19 7 days, while the tso s of the 4 cultures of 
lesser virulence varied between 23 and 25 days Twenty-six vnulent cultures, 
transfers from the original culture and maintained m Kirchner-Tween 80 serum 
albumin medium at 3°C , gave tso s varying between 16 8 and 21 6 days with 
an average of 19 7 days 

The above cultures, at the time virulence tests were made, were all plated in 
order to study the correlation between virulence and proportion of rough and 
smooth colomes The results have been disappointing Colony differentiation 
was not always clear-cut, and unexplained differences occurred m colony form 
on duplicate plates made from the same culture Studies are now in progress to 
develop a technique by which more consistent results can be obtained 

Standard Procedure for Maintatmng Cultures of 
M tuberculosis Ravenel for Mouse Infection 

For the purpose of obtainmg rough colony cultures to be used for mouse in- 
fection, a virulent culture of M tuberculosis Ravenel is plated on Kirchner’s 
agar containing 0 02 pei cent Tween 80 and 0 25 pei cent bovine semm albumin, 
fraction V (A 5 pei cent serum albumin solution made m distilled v ater and 
sterilized by filtration is added to the melted agar which has been cooled to 56°C ) 
Four to SIX plates containing 15 ml of the above agar are inoculated with 0 1 
ml of a 10~^ dilution of culture The inoculum is placed on the surface of the 
agar and allowed to spiead by gently tilting the plates w’-hich are then sealed 
with cellulose tape and incubated at 37°C for tv. enty-one days Fresh cultuies 
aie started from rough colonies picked from these plates and such cultures, 
aftei tw'o tiansfeis in lurcliner-Tw^een serum albumin medium, are injected into 
mice and stored at 3°C If found to be of satisfactoiy viralence they are a\ ail- 
able foi use as seed cultures 

The cultuies to be used foi mouse infection in the actual tests are inoculated 
wutli the seed cultures obtained as described abo\e These cultuies, which are 
giown in 50 ml Eilenmej'^ei flasks containing 20 nil of Kiichner s medium vith 
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0 05 per cent Tw een SO and 0 1 per cent human serum albumin, are started by 
an inoculum of 2 ml of the ^^^ulent, stored culture, and incubated for five days 
at 37°C As a check on purity of the culture, a transfer is made after two da3^’ 
incubation to beef heart broth In this medium the tubercle bacillus does not 
grow but the usual contaminants grow well As a further check on the punty 
of the culture, an ahquot is e\ammed by the Ziehl-Neelsen method just befoie 
use Turbidity of the culture is then deterrmned by comparison mth McFarland 
(29) nephelometer tubes With a standard procedure for mamtaimng cultures, 
the turbidity of the virulent Ravenel culture is fairly constant It has been 
observed, however, that, when cultures lose virulence, growth becomes heavier 
The orgamsms of lesser Airulence evidently reproduce more rapidly under the 
standard conditions descnbed If found to be of standard turbidity, the cul- 
ture is diluted 1 10 with sahne and mjected intravenously in 0 5 ml amounts 

SUMMARY 

A procedure for mamtaming cultures of ilf tvhercuhsis of standard virulence 
for use in therapeutic experiments m mice has been established 

The standard medium chosen for growth of cultures was Ehrchner synthetic 
medium vuth the addition of 0 05 per cent Tween 80 and 0 1 per cent human 
serum albumin 

A bovme strain of M tuberculosis, the well-known Ravenel, was chosen as the 
standard strain since it proved more virulent and gave more constant results 
than three other strains tested 

The Ravenel culture when mamtamed in this medium under the conditions 
described retains its virulence for rmce and gives uniform results m successive 
experiments A five day culture when diluted 1 10 with sahne and injected 
intravenously in 0 5 ml amount gives gi eater than 99 per cent deaths within 
35 days with an average Uo of 19 8 days 

SUMARIO 

Empleo del Raton en una Prueba Normahzada de la Achvzdad Antiiuberculosa de 
los Compuestos de Ongen StnUlico Natural I Seleccion y Nor- 
mahzacion del Cultivo 

Queda establecido un procedumento para mantener cultivos del ilf tuber- 
culosis de virulencia tipo para empleo en los expenmentos terap^uticos en 
ratones 

El medio tipo eseogido paia los cultivos fu6 el smt^tico de Kirchner con la 
adicidn de 0 05 por ciento de “Tv^een 80” y 0 1 por ciento de seroalbiimma 
hum ana 

Como cepa tipo se tomb una cepa bovma del ilf tuberculosis, la conocida 
Ravenel, por resultar mds virulenta y dar resultados mds constantes que otras 
tres cepas comprobadas 

El cultivo Ravenel, mantenido en dicho medio en las condiciones descntas, 
retiene su virulencia para los ratones y nnde resultados umfoimes en expen- 
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mcntos succsnos tJn cultno do cmco dins, diluldo nl 1 10 con solucidn 
snlinn c nuoclndo inlra\cnosnmcn(c on cantidndcs do 0 5 ml , provoca mds 
do 90 por ciento do mucrlos on tdrmmo do 35 dins con nn promcdio dc de 
lOSdhs 
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THE USE OF THE MOUSE IN A STANDARDIZED TEST FOR 
ANTITUBERCULOUS ACTIYITY OF COMPOUNDS OF 
NATURAL OR SYNTHETIC ORIGIN^ 

II Choice of Mouse Strain 

RICH VRD DONO\HCK, CLARA M McICEE, WILLIAM P JAMBOR, 

AND GEOFFREY RAKE 

(Received for publication February 2S, 1949) 

IVTUODUCTION 

Despite its vviclcspread use in the stud} of chemotherapy of many experimental 
discises, the mouse has been extensively used foi therapeutic evaluations in 
experimental tuberculosis only in relalncl3’-iccent yeais Hesitancy over use 
of this animal arose for sever il reasons, the chief one of which was the impression 
that this species was highly icsistant to infection Undoubtedly this belief 
grew up from work done eail}^ in this century m which the intrapentoneal or 
subcutaneous routes of inoculation w ere employed Much of this early w ork has 
recentlj been revnevved by Raleigh and Youmans (la) and detailed reference to 
it need not bo made here, except perhaps to put additional emphasis on differ- 
ences in various mouse stiains m their susceptibility to experimental infection 
with this agent 

Koch (2) reported the verj-^ early observation that field mice {Arvicola arvalts) 
were more susceptible than house mice Although studies employing vanous 
strains of the house mouse (Mxts vmscuhts) have been desenbed dunng the 
ensuing jears, little has been said about strain differences in susceptibility 
Tins problem was attacked recently bj’’ Pierce, Dubos, and Middlebrook (3) 
Then w'ork was facilitated by the improved cultuies obtained by the use of a 
dispersing agent (Tween) in then cultuie medium Of 22 strains of mice of 
varjang degrees of homozygosity fiom various sources w^hich they tested, they 
listed 18 m the following order of mci easing susceptibility to tuberculous infec- 
tion Swass albino (4 strams from different sources), Swiss albino CFW, Swiss 
albino CFCW, Strong A, Stiong C, Buffalo, Rockefeller Institute strain. 
Chocolate, Brown spot, CsH (strains from two souices), Strong I, Mus miisculvs 
domesticus (raised in Rockefellei Institute), black, and dba (line 1) Thus 
in general, pigmented animals W'ere found to be more susceptible than albino 
strains 

Dunng the past few years similar studies have been carried out in this labora- 
tor}"- One point of especial emphasis has been to seek a strain of mouse with 
not only high susceptibility but also with as uniform a response as it was possible 
to find Such chaiacteristics would help greatly to evaluate vanous compounds 

* From the Division of Microbiology, The Squibb Institute for Medical Research, New 
Brunswick, New Jersey 
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of possible therapeutic value It was recognized at the outset that the most 
susceptible strains might not necessarily be the most uniform m response 

Martin (4) presented an analysis of his data on the rate of death of mice 
following a fixed intravenous moculation, but it is not clear as to what type or 
strain of mouse he used Deaths occurred between the fifteenth and thirty-first 
days following inoculation, with a peak of deaths occurnng on the nineteenth and 
twentieth days, and with approximate^’’ 5 per cent survivmg through the thirty- 
first day Li two expenments described by Youmans and hIcCarter (5) 40 
per cent of the control mice survived through the twenty-eighth day m one case, 
while only 13 per cent survived this penod m the second In both expenments 
the earhest deaths occurred on the seventeenth or eighteenth day These 
authors descnbed their mice as bemg white Swiss of about 25 Gm weight In 
later work, Youmans and Raleigh (lb, c) employed the Strong A stram of albmo 
mice averaging 6 to 8 weeks in age, usually weighing between 20 and 25 Gm 
The moculum consisted of 0 1 mg of ilf tuberculosis The rate at which the 
mice died following inoculation was not reported but apparently there was con- 
siderable vanation, smce survival times rangmg from 14 to as long as 94 days 
were mentioned •with an average of about 25 days (lb) Probable reasons given 
for the differences were vanations m the inoculating culture as well as m mdi- 
vidual resistance of mice On the latter score it may be noted that Pierce, 
Dubos, and Middlebrook (3) hsted the Strong A stram of mice as amongst the 
more resistant tested 

Raleigh and Youmans (lb) mentioned also the possibihty that development 
of bactenal hypersensitivity may play a role in vanations Accordmg to Martin 
(4), mice receivmg a small inoculum may show marked increases m survival time 
“due to the rapid development of a measure of resistance ” 

EXPERIMENTAIj 

The prime purpose of the work to be descnbed here was to find a stram of mice 
givmg the most uniform response possible Relatively short survival tune was 
the second consideration The standardization of inoculum for these tests was 
descnbed in a previous paper (6) and for the reasons there given the Ravenel 
strain of M tuberculosis var bovis has been employed throughout 

Prehmmaiy studies were earned out with 7 strams of mice, as follows CFl 
(Carworth Farms albino with brown, non-agouti background), CFW (Carworth 
Farms albmo, agouti), Rockefellei (Pnneeton) albino, Tumblebrook (Swiss 
Webster), CFCW (CFW mutant), dba (hne 1), and Ce 7 black, sub-hne 6 (the 
latter two are mbred strams from the Jackson Memonal Laboratory’-, Bar Harbor, 
Maine The Cst strain is black, non-agouti, and the dba is a dilute bro-wn, non- 

agouti ) ^ 

The Ravenel stram of M tuberculosis gro-wn m a modified Kirchner s medium 
contammg Tween 80 and serum albumm, under standard conditions as described 
pre-^uously (6), was diluted to a standard turbidity and the mice under study were 
given an mtiavenous moculation of 0 5 ml of the diluted culture (Usually this 
consisted of a 1 10 dilution of a five day culture, contaimng on an average 
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such graphs deviated significantly from a stiaight line, vith early deaths occur- 
ring at lates similar to those of othei strains tested, while some mice survived 
longei than might be evpected accoiding to a normal frequency distribution 
It is beheved that this indicates a lack of homogeneitj’’ in response on the part of 
these strains to experimental infection with ill tuberculosis The remaining 5 
strains all died at rates ginng straight lines on probabihty paper indicating that 
death times followed a normal frequenc}’^ distribution cun’^e From these plots 
it is possible to determine the 50 per cent death times (tso) A comparison of the 
7 stiains of mice on this basis is shonm m table 1 
Since these preliminar}’' studies Mere earned out with groups of onlj' 20 mice 
each no particular significance can be put on the exact order in which the tso 
values appear It ivas somenhat surpnsing, nevertheless, to find that the C57 
blacks apparently were somendiat more resistant than some of the albino strains 
It Mill be recalled that Pierce, Dubos, and Middlebrook (3) had found this strain 
(sub-hne not indicated) to be one of the most susceptible to the H37 Rv strain 
of M tuberculosis Unfortunatelj', the Bar Harbor disaster pre\ ented the fur- 

TABLE 1 


Comparison of SO per cent Death Times (ho) of Various Strains of Mice Experimeniallp 
Infected with M tuberculosis (Ravenel) 


MOUSE STRAIN 

T|9 

CFl 

ia)s 

19 6 

dba, line 1 

20 0 

Rockefeller 

20 2 

CFCW 

21 S 

CFW 

22 3 

Tmnblebrook 

22 4 

Csr black, sub-line G 

23 0 


ther mvestigation of this point In recent months it has again become possible 
to obtain mice of the C57 black strain, sub-hne 6, and 40 additional mice (20 mice 
in each of two tests) were inoculated under standard conditions along with CFl 
mice as controls The results of the more recent dupheate tests agreed with 
each other very well, but did not agree completely vath previous findings Thus 
while the CFl mice gave a composite tso of 19 7 days (average sur\aval time = 
20 2 days), the Cs? blacks gave a tso of 20 7 days (average suivival time = 21 7 
days) indicating on this score a gi eater similarit}'^ in sensitmtj’’ betveen the two 
strains than had been found in earlier tests Hov’ever, again the CFl mice 
shoM ed a greater uniformity in response in that all deaths occurred between the 
sixteenth and tventy-fifth days following inoculation wlule in the Csr blacks, 
deaths spread out from the thirteenth day through the thirty-nmth day 
In general it appeared that the various strains of mice tested fell into two 
groups One consisted of ammals showmg remarkable homogeneity of response 
to this experimental infection In this group could be placed the CFl, CFCW , 
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dba, and black stiains In the second gioup, m \Ahich the CFW and 
Tumblcbrook strains could be placed, the indnidual merabeis shoned gieater 
Nan-nion m response to this infection It mil be noted that such a lough 
chs'-iticition would put the CFW mouse in one gioup, and a mutant of this 
‘'t'-un the GFCW in another, but to speculate fuithei at this point would be 
eNtremeb haraidous Time-moitaiity cuues of a iclativelj long teim infection 
such as tint with M (uhet citlo^tb arc undoubtedly the results of the composite 
cficct< of manj complex factors It w n felt cs'^ential, howevei, that moie 
extonsu e 'Studies be cained out on much liigcr groups of mice For this pm pose 
two siriins were chosen, one stiam from each of the two groups desciibed The 
CFl strain, because of reidy availabihtx', was picked to exemplify the homo- 
geneous group, while the CFW strain was chosen as an example of the hetero- 
geneous group Eleien separate tests, employing a total of 149 mice, were 



earned out with CFl mice, and 14 tests, totaling 139 mice, with the CFW As 
before, all mice received a similar, standardized, intrav'^enous inoculation with ilf 
tuberculosis (Ravenel) 

For the sake of brevaty, the composite results of all of these tests are shown 
graphically in figure 4 which shows the tirae-mortahty curves for the two strains 
As had been found m the preliminary studies, experiments with large groups of 
mice showed that the CFl strain was significantly more uniform m response than 
the CFW to the standard infection with M tuberculosis (Ravenel) Accordingly 
the CFl strain was chosen as the standard mouse to be used m chemotherapeutic 
studies, a descnption of which appears in the third paper of this series (7) 

The Choice of Route of Inoculation 

Thus far the discussion has been limited to the response of various strains of 
mice following infection via the intravenous route Other routes of infection m 
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mice have been employed m vanous laboratones The Royal Commission on 
Tuberculosis (8) found in its very early work that rats and mice were relatively 
resistant, especiallj'- to small doses, when ilf tuberculosis was admimstered m- 
trapentoneally, subcutaneously, or fed in the diet A number of workers have 
employed the respiratory route of infection Glover (9), for evample, reported 
that a dose of about 100 organisms would infect some imce, 1,000 organisms 
infected nearly all, but the minimal lethal dose was estimated at about 120,000 
orgamsms Intranasal moculation gave less consistent results than exposure 
to an infected mist Concentrated aerosol mists induced mtensive pulmonarj' 
consohdation within 60 days Weaker suspensions were not lethal, but caused 
discrete, slowly progressive foci The strain, age, and weight of mice used were 
not indicated 

Pierce, Dubos, and Middlebrook (3) have studied tuberculosis in mice following 
inoculation via the intravenous, mtrapentoneal, and intracerebral routes The 
minimal infective dose was said to be 0 0005 to 0 02 mg of bacilh by the first 
route The second avenue of infection (mtrapentoneal) was much less effective, 
although it could be improved by using as inoculum a culture suspended in egg 
yolk In the intracramal route, as few as 10 to 100 bacilh, it was estimated, gave 
nse to very rapid growth of the organism It is not possible, however, to make 
a companson between the death rates following mtravenous and mtrapentoneal 
inoculation since these data are not given for the latter route 

The several routes of moculation were taken mto consideration m the present 
work The intranasal moculation presents undue hazards for the laboratoiy 
worker, especially when employed m air-conditioned bmldmgs, and therefore 
was eliminated on this score 

On the basis of the report of Pierce, et al (3), it would appear that mtracerebral 
inoculation may prove to be a convement method for detection of M tuberculosis 
in sputum smce very small mocula are detectable by this means Although 
pulmonary lesions were noted 3 weeks after infection, it was not clear from the 
data, as already noted above, at what rate deaths followed moculation by this 
route Smce the present studies were designed pnmanly for chemotherapeutic 
tests, many of which would mvolve the use of new, and possibly poorly defined, 
substances, consideration had also to be given to the question of whether or not 
any substance under test would pass through the blood-bram barner foUowmg 
a dminis tration parenterally or by mouth As this type of information would 
not always be available, it was felt that the intracramal route might lead to undue 
comphcations for this purpose Hence compansons were made of mtrapentoneal 
(employmg yolk fluid as a suspendmg medium) and intravenous inoculation 
The results of typical experiments of this type are shown in table 2 

It is apparent that whether or not egg yolk is used as the diluent, mtravenous 
moculation leads to considerably more rapid death m mice than does mtra- 
pentoneal moculation even when the inoculum used via the latter route is ten 
times as large as that used m the former 

It IS also endent that the use of egg ymlk accelerates the death rate followmg 
intravenous moculation, as compared to mocula prepared in saline However, 
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on the basis of rcsults with admittedly small numbers of mice, it appeared that 
the use of egg j oik for lntra^ enous inoculation did not lead to any more repro- 
ducible results than did using saline-suspended mocula Hence it was decided 
not to use egg yolk in the routine chemotherapeutic tests to be descnbed in a 
third p iper of the present senes (7) 

The Effect of Age, Weight, and Sex of Mice Used tn Experimental Tuberculosis 

Experiments tn CFl Mice 

After the test had been standardized as to strain of M tuberculosis (6), diluting 
fluid of inoculum, strain of mice, and route of inoculation, attention was turned 
to the question of the effects of age, weight, and bck of the CFl mice on the death 
rate following a fixed inoculation It is exndent that age and weight are some- 

TABLE 2 


CompoTtson of Inlraicnous and Inlrapcntoncal Inoculation of CFl Mice with M tuberculosis 

(Ravcnel) 


KxnrBEK or 
incr 

K^OeXTtUU 

KOUTE 

T» 

AVEKACE 

StJRVIVAL 

XDIE 

Diluent* 

Doset Ml 

i 

42 

25 per cent yolk 

■19 

IV 

16 1 

15 3 

30 

0 9 per cent saline 

BIB 

rv 

19 6 

19 9 

29 

25 per cent jolk 

BEB 

IP 

22 5 

24 4 

10 

25 per cent jolk 


IP 

27 5 

35 7 

10 

25 per cent jolk 

0 125 

IP 

35 8 

39 1 


* Final concentration of diluting material 

t Dose gi\ en in terms of undiluted 6 day culture For intravenous inoculation the dose 
was diluted to 0 5 ml with the given dduent while for intrapentoneal injection the final 
volume was 1 0 ml 

what mterdependent and there are limitations as to the age limits obtainable 
withm a given weight range However, as shown in table 3, which summanzes 
the results of a number of expenments, it can be seen that CFl mice of either sex, 
weighmg between 14 and 18 Gm and ranging in age from 4 to 6 weeks all respond 
in a very similar fashion to the standard intravenous inoculation with M tuber- 
culosis (Ravenel) as used in the present tests On the other hand, amongst CFl 
mice 10 weeks of age or older, deaths following the standard moculation occur 
not only more slowly, but also the rates deviate considerably from a normal 
frequency distnbution curve and hence do not give straight hnes on probit 
paper as descnbed above 

The Choice of Suitable End Points in Experimental Tuberculosis in the Mouse 

One difficulty which has always been present in studies in experimental tuber- 
culosis in ammals has been that of interpretation of results once they have been 
obtained Feldman (10) has descnbed a numerical scheme for recording the 
degree of tuberculous changes occurring in the experimentally infected guinea 
pigs In a later paper (11) it was emphasized that one of the chief problems m 
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the seal eh foi chemothcnpoiitic compounds for tuberculo'-is was the difficulty in 
distinguishing definitely between efToctnc and noneflcctive substances in a 
test of only short duration 

In using the mouse foi asscs&ment of therapeutic action of Aanous compounds 
in tuberculosis, INIartin (4) used the increase in the anthmetic mean sunnal 
time of treated mice as compared to infected, but untreated, controls He noted 
that w hen more than 5 out of 24 mice &ur\ i\ ed bey ond the end of the expenment 
(30 day’s) a better measure of therapeutic efficacy’ could be obtained by compan- 
son of median sumxal times, i c , the times taken for 50 per cent of the animals 
in the \anous gioups to die The median sunnal time was estimated from a 
smoothed probit-cumulatn e distribution cur\e Although the difierence m 
reliability’ between the two methods was found to be small, the use of the mean 
sun'ival time was considered more reliable 
Youmans and Raleigh (Ic) employed seaeral critcna for measunng therapeutic 

TVBLE 3 


Effect of Age, Weight and Sex on Rale of Death of CFl Mice Following Intravenous Inoculation 

with M tuberculosis (Ravcncl) 


1 

SEX 1 

ACE WEEKS 

ANTIBAGE INITIAL 
WEIGHT 

NUIIlltT or 
VICE 

Tib 

ANXRACE SUE 
M\ALTIVE 



Cm 


DaiS 

Dayr 


4 to 5 

16 2 

152 

20 3 

21 0 

5 

4 to 5 

15 2 

153 

20 1 

20 5 

c? 

5 to 6 

17 7 

153 

20 0 

20 7 

9 

5 to 6 

16 4 

154 

19 3 

20 3 

o’ 

10 to 12 

24 0 

29 

25 1 

2S 3 

9 

10 to 12 

23 2 

20 

25 0 

27 6 

9 

6 months 

24 S 

8 

36 0 

3S 0 


action of vanous compoimds in expenmental tuberculosis in the mouse These 
entena included average survival time, percent mortality’, weight response, and 
gross and microscopic tuberculous mvohement of the tissues Apparently’, no 
attempt ^Yas made to compose these separate operations into comparative indices 
or ratios of activity and it is not clear hmv tw o drugs w ould be compared on a 
relative basis In discussing hlartm’s procedure of companng drug actn’ities 
solely on the basis of average sunnval times, these authors expressed the feehng 
that m expenmental tuberculosis m th. mouse direct examination of tissues for 
suppression of lesion dex elopment w as a “necessary measure of chemotherapeutic 
action ” 

In the earliei stages of the w ork on expenmental tuberculosis in the mouse m 
our laboratory, attempts were made to employ, as one of the entena, the degiee 
of tuberculous involvement of the vanous tissues This wall be discussed more 
fully in the third paper of the present senes (7) The present paper wall hunt 
itself to a discussion of the death rates of the CFl mice following the standardized 
inoculum 
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Examuintion of doith rites of CFl mice infected with standardized M 
(ubci cithsis (Ri\enel) inocula in many leplicate tests earned out over several 
years time indicitc tint, when these mice receive no theiapeutic treatment, the 
curauhtue percentage dead plotted on a piobabihty scale against time in days 
on an arithmetic scale’ gi\ es a straight line This indicates that the death-time 
relationship follows a normal frequcnc} distnbution cun^e Using ivhat are 
apparcntl} somevhat less susceptible mice, Raleigh and Toumans (lb) also 
obsen'cd this tj'pc of distnbution It is implied also m the data published by 
jMartm (4) The extent to which such curves deviate fiom a straight line on 
probit papei is a measure of the xanation fiom this normal distribution and, as 
indicated earlier, has been taken to be a measure also of the uniformity of re- 
sponse of a given group or strain of mice It wall be lecalled that Bliss (12) 
calculated time-mortality cun es in vaiious biological systems and emploj’^ed m 
his graphic anah sis plots of sumval time on a logarithmic scale against mortality 
in probits Furthermore, Bliss computed cuncs statisticallj' from the same 
data and showed that using log time the provisional cun'e (obtained by plotting 
expenmentally observ ed mortahtj in pi obits against log time) agreed closely with 
the computed ounces Such computations haae not been carried out with 
time-mortality data obtained from studies of expenmental tuberculosis in the 
mouse As alread}' noted, how ei er, it w’as found that straight lines are obtained 
by plotting cumulative per cent dead on a probability scale (w'hich is the equiva- 
lent of using probits) against time on an anthmetic scale Using log time does 
not appreciably improve the nature of tlus line nor does it significantly change the 
estimated tso Thus, when the data obtained with CFW mice (figure 4) are 
plotted, using log time instead of anthmetic time, there is a deviation from a 
straight line aboi e 65 per cent mortality, although tins deviation is less marked 
since the log time scale condenses the points with increased time 

It should be pointed out, however, that Bliss, in addition, provided a procedure 
which, though labonous, did permit calculation of the error in estimating the 
time in which any per cent mortality desiied had occuried Any advantages 
which may be denied from malung comparisons on a basis other than the 50 
per cent mortality time are not yet obvious m our present woik Hence the tjo 
(50 per cent mortality time) has been used as the chief “end point” enter on in 
these studies 

Eaily in the work it was decided that it would be of value to compare tso values 
(obtained by plotting on anthmetic-probabihty papei as already desenbed) with 
average sumval times In table 4 such data from 12 separate experiments are 
listed In each case 10 to 20 CFl mice recemng the standard intravenous 
inoculum were employed 

It IS obxious that, under the expenmental conditions employed, the values 
for the estimated tjo’s and the average survival times coincided very closely 
The standard deviation from test to test for the tso value was 1 97 days, or 10 3 

’ A convenient type of graph paper for this purpose is the arithmetic-probability chart 
sheet such as that printed by the Codex Book Company of Norwood, Massachusetts, under 
their catalogue number 3127 
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per cent, ^^hile for the aveiagc sur\ival time it Ras 1 So dajs, or 9 26 per cent 
The advantage m using the tso from a piactical standpoint la}- in the ability to 
estimate the tso before 100 pei cent of the mice had died Also, m those occa- 
sions when deaths occuried crraticalty, it vas ob\ioiis from the nature of the 
curve obtained that the test was atypical 
Furthermore, it was anticipated that tieatment mth therapeutic agents nould 
prolong the lives of some individual mice to a much greatei extent than others 
One or two nuce out of 10 lu mg much longer than the rest could lead to a sig- 
nificantly changed value for the average survival time without appreciabty chang- 
ing the tso Hence, as a standard practice tso values n ere emploj’ed in preference 
to erage sumval times 


TABLE 4 

Comparison of tin and Average Survival Time tn CFl Mice Inoculated with M tuberculosis 

(Raicncl) 


EXPEaniEVT KUMUrK 

T« 

AVXSACE SrXV7VAL Tlki: 


Duyt 

Dai 5 

1 

18 2 

IS 8 

2 ! 

19 8 

19 8 

3 

IS 3 

IS 7 

4 

17 7 

20 4 

5 

20 8 

21 4 

6 

17 5 

IS 5 

7 

13 7 

15 7 

s 

IS 4 

IS S 

9 

20 3 

21 0 

10 

20 8 

22 1 

11 

21 0 

22 1 

12 

21 0 

22 3 


SUAnL-ERY 

Using a carefully standardized inoculum of M iubercitlosis i ar boAus (Rai enel) 
grown m a liquid medium contaimng Tneen SO, compansons have been made of 
the death rates of 7 strains of mice The mouse of choice on the basis of um- 
formity of response, as well as lead}’’ a-vailabihty m large supply, was foimd to be 
an albino mouse with brown, non-agouti background, the CFl Intrai^enous 
inoculation was shown to be preferable to the intrapentoneal loute e\en nhen 
egg yolk was used as the suspending medium for the inoculum As v as the case 
with the selection of the Ravenel strain of M tuberculosis vai bons the choice 
of the mouse was regarded as tentatn e Final choice could onty be made when 
results were available on tests in this animal of drugs with known antituberculous 
activity m man (7) The most uniform results were obtained with CFl mice 
weighing between 14 to 18 Gm and rangmg in age from 4 to 6 weeks 

Deaths in CFl mice of appropnate age receiving a standaid intiavenous inocu- 
lum followed a normal frequenej^ distnbution curve which gaie straight hues 
when cumulative percentage mortahty, on a probit scale, was plotted against 
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time on an anthmetic scale Such stiaight lines provide a relatively simple 
procedure for determining the 50 per cent mortality time (tso) Among infected 
CFl mice receiving no therapeutic treatment, there was little difference between 
tso and average survival times For certain practical considerations, however, 
the t 5 o was considered to be preferable to the average survival time as an end 
point cntenon in a test designed for chemotherapeutic studies 

SEMAEIO 

Empleo del Raton en una Prueba Normahzada de la Achvidad AnUtuberculosa 
delos Compxiehios de Ongen SinUhco Natural II Selecaion dela CepaMunna 

Tomando im mdculo cuidadosamente normahzado de M tuberculosis, var 
bovis (Ravenel), cultivado en un medio liquido que contenfa “Tween 80,” 
se compararon los coeficientes de mortahdad de siete cepas de ratones A base 
de umformidad en los resultados, asi como de accesibihdad en grandes cantidades, 
el ratdn de eleccidn resultd ser un ratdn albmo, con un fondo pardo, no-agutf, 
el OF 1 La inoculacidn endovenosa se mostrd prefenble a la via intrapen- 
toneal, aun al usar yema de huevo como medio suspensor para el mdculo Lo 
mismo que con la seleccidn de la cepa Ravenel del M tuberculosis var bovis, 
la eleccidn del ratdn fud considerada como tentativa, pues sdlo cabe hacer la 
seleccidn definitiva cuando se cuente con el resultado de las pruebasvenficadas 
en este animal con drogas de conocida actividad antituberculosa en el hombre 
(7) 
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THE USE OF THE MOUSE IN A STANDARDIZED TEST FOR 
ANTITUBERCULOUS ACTIVITY OF COMPOUNDS OF 
NATURAL OR SYNTHETIC ORIGIN* 

III The Standardized Test 

GEOFFREY R \KC, WILLUM P J\MBOR, CLVRV M McKED, FELIX PANSY, 
FREDERICK Y RISELOGLE, and RICIIIRD DONOVICK 

(Rcccuod for publication Febrinrj 28, 1949) 
ixrnoDUCTioN* 

In pre\ lous papers (1 , 2) information has been presented on data loading to the 
selection of the Ra\ enel strain of M hihcrciilosts var bovis and the CFl homo- 
zj'govis strain of albino mice for use in a standardized test for antituberculous 
activitj of compounds These reports contained, m addition, evidence as to the 
best means of maintaining the culture ns well as to the optimal dose of cultuie 
and route of administration 

The nbov e information has been utilized in the establishment of a standardized 
in viio test bj’ which compounds of both natural and sjmthetic origin are tested 
both oralK and paienterally for activity against infection due to M (uberculosis 
Such ill I’lio tests for actnntv are cained out on compounds first selected on the 
basis of tests in iitro and at doses indicated bj’- prehmmarj’’ tests for toMcity, or 
rather, acceptability, by the mouse 

The standard techniques, together with some characteristic results will be 
desenbed below 


VLVTEniALS AND METHODS 

The strain used is the Rav end strain of M lubcrculosts v ar bov is The reasons for the 
choice of this strain, together with the standard methods of transferring and maintaining 
the culture so as to assure constant and maximal virulence and of preparing the infecting 
inoculum, are given elsewhere (1) Similarly the reasons for the choice of the CPI mouse, 
together with data beanng on the selection of age and weight ranges and sex are discussed 
elsewhere (2) For the final standard test a weight range of 16 to 18 grams was adopted 

In vitro Test 

Drugs to be tested in vivo are selected on the basis of in vitro activity against M tubercu- 
losis var bovis strain BCG, except where other considerations would lead to the belief that 
a drug might be effective in vivo 

The culture is maintained and passed weekly in the following medium 


NajHPOi 3 0 Gm 

KH2PO4 4 0 Gm 

MgSO, 0 6 Gm 

Sodium citrate 2 5 Gm 

Asparagine 5 0 Gm 


> From the Division of Microbiology, The Squibb Institute for Medical Research, New 
Brunswick, New Jersey 
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Iron nnimoniiini citr'itc 0 05 Gm 

0 05 per cent Eolulion of Tween SO 0 5 ml 

Gljcennc 20 ml 

DiElilled water ],000 ml 

The medium ii stenh-'cd nt 15 pounds for fifteen minutes in lots of 100 ml per flask To each 
flask IS added 0 4 ml of 25 per cent bovine scrum albumin fraction ^ sterilized b\ filtration 
The flasks contain a IJ inch finishmR nail sealed in a gloss tube ns a stirrer Ten ml of a 
refrigerated culture not o\ erSOdav s old arc used os inoculum The flasks are incubated for 
90 hours at ST'C and stirred three times dailj for a period of approsirnatclj one minute on 
a magnetic stirrer 

A control for puritv of culture is performed b\ siibculturingO 5ml from each fla'sk into a 
tube of beef heart infusion broth 

Tor the test, the above medium, but without the iron ammonium citrate and with onl> 
0 05 per cent scrum albumin fraction ^ , is used Two ml of the 00 hour culture described 
abov c are added per 100 ml of tost medium 

Substances to bo tested arc used nt twofold dilutions Two ml \ olumcs arc used and the 
maximal concentration of drug is 0 0 mg per ml if the substance is frcclj soluble Tests 
arc incubated for 112 hours nt 3"°C in a vrell humidified incubator A standard compound 
l-hvdroxj 2(in)-pj ridonc of known nctivitj (3, 4) is included in cverj test Results arc 
read on the basis of lurbiditj (grow th) in the tubes nt the end of incubation If a sharp end 
point is obtained with no turbidit 3 in one lube and heavi growth comparable to that in the 
controls in the next tube in sequence, the inhibiting concentration isrecordcd ns interpolated 
betw con these tw o tubes When a tube of w eak growth separates hcav j and zero turbiditj , 
it itself IS taken as the end point Results arc reported in terms of minimal inhibiting con- 
centrations 


Toxtctly Test 

Before testing a drug against the infection with tubercle bacilli in the mouse, an approxi- 
mate idea of its toxicitv (acccptabilitj ) is obtained Four mice are used per dose of drug 
and each drug is tested nt two lev els, usuall> at a fourfold diiTcrcncc, until the maximal ac- 
ceptable level is determined Acceptabilitj is judged bj weight change in the individual 
mice All mice are joung 10 to IS Gm animals still activelj growing Failure to gain 
w eight, or actual loss, is an indication of toxicitj or unpalatnbilitj of the diet, or both On 
first assaj in the diet, one per cent is the maximum concentration used The drug is inti- 
mately mixed with pulv enzed Rockland Farm mouse pellets and placed in special stainless 
steel food cups (4) The food cups arc weighed dailj and a record kept of the food consumed 
per 4 mice 'RTien diet toxicitics arc being investigated the test runs for four daj’s 

Parenteral toxicitv is determined bv subcutaneous injection Groups of 4 mice each are 
used and the two levels tested (in one injection dailj'-) are at a fourfold difference The 
injections are continued for seven dajs and the weight curv es of the individual mice follow ed 
during that period The maximal level allowing normal weight gams is thus deterimned 

In VIVO Test 

In the infection, test drugs are administered either intimatelv nuxed in the diet or bj' 
subcutaneous injection once dailj Two lev'els are usuallj' tested at a fourfold difference 
All treatments are for twentj'-one daj^s For treatment, mice weighing 16 to IS gm arc in 
groups of 10 in one cage Twentj untreated but infected control mice in two cages are 
included in each test The mice are placed on the diets fort j -eight hours prior to infection 
When treatment is bj subcutaneous injection, the first such injection is made directly 
after infection All mice are infected bj’’ the injection of 0 5 ml of the standard inoculum 
(1) into the tail v'ein 

The average weight of each group of 10 mice is determined daily for 12 daj'S and everj 
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other day thereafter The special food cups (4) are filled to 350 Gm gross weight e% er 3 day 
during the treatment period and the daily food consumption recorded Autopsies are per- 
formed on all mice that die Information is obtained and recorded on average survi\al 
time, per cent survival for 35 days, and tjo The tso is the calculated surviv al time of 50 per 
cent of the mice The figure is obtained by plotting on arithmetic-probabilitj (probit) 
paper (2) 


Care of Personnel 

All persons concerned with the infection of naice wear protects e goggles The infected 
mice are housed in a room liberally eqmpped with Westmghouse Stenlamps WL-782, stjle 
No 1121051-A Individuals about to v ork on the program recen e a tuberculin test before 
starting work If this is negative, they are offered BCG vaccination All those actii eh 
engaged in the program have a complete physical examination together with a roentgeno- 
gram of the chest every six months No cases of laboratory infection have occurred so far 

RESULTS 

In Vitro tests Although the results of the in vitro test outlined above are used 
as a guide to selection of drugs for test tn vivo, the shoitcomings of the test and the 
possible errors involved bj’’ such a selection are fully recognized Since twofold 
steps are employed, and only enough replicates run to establish that the end 
points obtained are of the right older of magnitude, no differences between com- 
pounds of less than fourfold are to be considered as significant hloi cover, as 
will develop ivhen the lesults vath chemical series of compounds are discussed in 
later papers, although the in vitro results may be used directly as to an indication 
of choice vathm a ^iven series, they are of woefullj'’ httle significance in selection 
between compounds of different senes This is to be expected The in vitro 
lesults signify onty the activity of the given compound when brought into con- 
tact vath the tubercle bacillus in the test tube and under the conditions of the 
test In the mammalian body many other factors come mto play such as absorp- 
tion and distribution m an unchanged or, at least, still active form, penetration 
to the site of mfection, and mamtenance at such a site in sufficient concentration 
and for sufficient time Limiting factors such as S 3 'Stemic or local toxicitj' also 
plaj" a part 

The vahdity of usmg a bovme organism for both the i?i vitro and the in vuo 
studies in a search foi a chemotherapeutic drug activ e in human infection might 
be questioned At least in the United States, the oveiv helming ma]ont\- of 
cases are due to the human vanetj^ of M tuberculosis The in iitro seii'^itnitv 
of ilf tuberculosis VS.V bovns stram BCG and ilf tuberculosis mit humanis strain 
H37 Rv ha\ e been compared against a senes of compounds The ratio of nctiv - 
itj’^ of the drugs against BCG as contrasted wnth that against H37 Rv v remark- 
ablj’ constant considering the low statistical significance of the actual figure^ 
from which these ratios were obtained (see above) In general the ratio of drug 
required to inhibit BCG as compaicd to H37 Rv was 0 47 i c , BCG was from 
two to three times more sensitn e In SS per cent, the ratio lav between 0 22 and 
0 8 Onlv 4 per cent of compounds were of equal activitv on both organ!‘-m« or 
of greater activ itv acainst H37 Rv Tlicso figures indie-' te that re-i.lt inch are 
not grossh mideading, as far as the ultimate goal of human ihcr'pi i-- eon- 
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ccracd, arc likclv to be obtained In umorBCG Slighth more acti\it\ will be 
suggested In the result than is perhnin entirch jintihcd Xo actne com- 
pounds arc liKch to be nin-cd The benefits fiom me of BCG are a more rapid 
test, and ^afetj of a con''!dciablo number of ‘Jcmi-'-killcd technicians earn ing out 
the J« vitro tests 

ToxiciUj tests Ab has alrcidj been indicated, the toxicitj tests on the drug 
gnen m the diet, but not tho‘-e on the drug injected subcutaneous!} , s]jould be 
regaidcd as tests of both accept abihlv (or palat ibilitv) and to\icit\ , or of eitlier, 
rather than of toMcitj alone Objection might be raised to the small number of 
mice used in the diet tests foi toxicitj and the short period of obscnation time 
These objections are recognized but lia\e been occrnilcd in fa\or of keeping the 
amount of drag required for first ccaluation of worth at as bmall a quantit}' as 
possible, 1 c , from IS to 20 Gm 

In practice it was found tint IG per cent of the time the higher dnig concentra- 
tion fed m the actual test was not full}' acceptable (or toxic) on the basis of quan- 
tity of food eaten during the first sc\cn da}s after infection (see below), but in 
only 1 G per cent of the cases was it not fully acceptable (or toxic) at both lecels 
w hen the difference in lc^ el w asfour fold The acceptability test, therefore, w as 
an adequate guide to the diet le\ els to be cmplo} cd in the tn t no test, the pnme 
purpose for which it was used 

In viio results As pointed out abo\e, information is obtained on the a\erage 
sunnal time of the mice, the tjo (calculated time of death of oO per cent of the 
mice), the per cent sun n ing 35 da} s, and the a\ eraged cun e of weight response 
In addition, autopsies are performed on all mice d}ang The latter is for purposes 
of certification as to cause of death only No attempt has been made to develop 
a scoie s} stem of lesions such as is used so extensn el} m this and other infections 
to determine the norm and dcpaitures from this norm In our opinion nothing 
IS learned, for the purposes of the present test, b} this subjectne method of cal- 
culation which is not given better by the other, completel} objectn e, methods of 
calculation Such a conclusion, howeaer, m no way argues against the ob\'ious 
X alue of complete pathological examinations carried out to investigate the activ- 
ity of any promising drug which emerges from the scieen at piesent undei con- 
sideiation 

The data on the weight lesponse have not been found particularly useful in the 
quantitative estimation of degiee of actn ity Certain useful data hax e, how- 
ex er, emerged As x\ ill be discussed m more detail below , for many reasons tests 
1 to 13 inclusive hax e not been considered in the ox erall ex’aluation of the results 
and only tests from 14 onwards haxe been used One indication of the change 
that occuired between tests 13 and 14 is shown in figure 1 As will be seen m 
this figure, which shows the averaged weight response of the control untieated 
mice, the stiiking feature of the lesponse curx e of the eail} tests is the lack of 
significant gam in weight m the early pait of the curv'e or of rapid loss in weight 
later Surprisingly perhaps, the weight curx'es of the control mice in the three 
tests m the senes 14 to 52, xihich were not entirely satisfactor}', also show this 
lack of early weight gam As can also be seen m figuie 1, an actix'e drug, m this 
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case p-aminosalicylic acid (PAS) at 0 75 per cent m the diet, shows a curve of 
weight lesponse which by the tenth day has departed sufficiently from the curve 
of the untreated mice to be significant Thus it is possible by watchmg the 
weight curves to foretell m many instances as early as the tenth day after infec- 
tion whether an unlcnown drug is going to show activity or not Such a sign of 
activity IS only qualitative, however, and in our evperience cannot be quantitated 
As indicated, some attention has been paid to survival for 35 days or longer 
In 800 control untreated mice, 2 ( 25 per cent) survived, one for 35 days and one 
for 36 days Both w'ere in tests in which the control group was otherwise unsat- 
isfactorj'- On the other hand, some of the active compounds give significant 
survival at 35 days, i e , 14 days after drug admmistration was discontmued 
Thus with Promin at 1 0 per cent m the diet, 19 out of 110, or 17 3 per cent, sur- 



Fig 1 Weight response curves in untreated and treated mice 

vived 35 days or longer and one ammal survived 56 days At 0 5 per cent m the 
diet, 6 of 60, or 10 per cent, survived With PAS, 7 of 80 (7 8 per cent) survived 
35 days at 1 0 per cent diet, 12 of 310 (3 9 per cent) at 0 75 per cent diet, and one 
of 300 ( 33 per cent) at 0 375 per cent diet With streptomycin at a single sub- 
cutaneous dose of between 6,000 umts and 22,500 units per Kg per day, 18 of 80 
survived and, with dihydrostreptomycm at the same levels, 22 out of 90 sumved 
In the case of these antibiotics, survival to 60 days and beyond was not unusual 
Two things, therefore, are clear With active drugs such as the four discussed 
above significant survival beyond 35 days does occur The conditions of the 
test are so severe, however, that only reasonably active compounds and reason- 
ably high doses of such compounds give such survival and this criterion, therefore, 
IS of httle use m a prelimmary screenmg program such as the one at present under 
consideration 

Fmally consideration has been given to both the mean survival time and the 
t 5 o (calculated sur\nval time of 50 per cent of the mice) The figures for the 
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control untreated group are shown m table 1 The results are broken down into 
the probable error of those from 1 to 13 and of those from 14 to 52 (the latter 
being current at the tune of writing) As has already been indicated above, 
certain changes occurred between tests 13 and 14 One was that a change m the 
shippmg and premfection care of the mice was adopted and the other that a 
change was made in the preparation of the infectmg moculum 
In tests through 13, culture continuously transfen ed at neeklj’- inten'als was 
used Such weekly transfer resulted m a gradual fall m \nrulence As soon as 
this change was detected, only cultures of pre^^ousl 5 ’■ proved %nrulence w ere used 
The change m premfection handlmg of mice also seemed to have an effect Thus 
the per cent rate of nonspecific deaths dropped from 4 1, which it was for the 
2,320 mice used in tests 1 to 13, to 1 1 per cent for the 7,460 mice m tests 14 to 52 
Whether due to one or the other of the two changes outhned, a marked difference 
was noted m the untreated groups of infected mice The change m weight re- 
sponse has been noted above (see figure 1) The change m the tjo and the mean 
sunuval tune with the satisfactory decrease m the probable error of a smgle 
experiment is noted in table 1 


TABLE 1 


Probable Error of Mean Survival Time and ito of Control Mice 



1 

TEST 1 TO 13 

TEST 14 TO 52 

Teo 

Mean Eurvi% al time 

20 45 it: 2 29 days 

21 89 ± 3 17 days 

19 86 ± 0 72 dajTS 

20 44 d: 0 73 daj'S 


It IS clear from table 1 that the results are at least as satisfactoiy with the teo 
as with the mean survival tune Smce the tso can be read sooner than the mean 
survival time, and also, smce the tso allows of less error bemg mtroduced, particu- 
larly m the treated groups by reason of the imdue survival of one mouse, the tsa 
has been selected as the most satisfactory objective cntenon by which to record 
and judge the results 

Because of the above, it has seemed justifiable to consider only experiments 
subsequent to test 13 as representmg the estabhshed and satisfactoi 3 ’' techmque 
and only these have been and wdl be considered m the evaluation of active com- 
pounds 

Active drugs P-ammosahcyhc acid is the compoimd which, on the basis of 
eaily comparative evaluation m this test, has been selected as the standard 
active compound for oral admmistration More data are available on it than 
on any other compound It was soon found that, despite statements to the con- 
trary, this drug IS highlj'- active agamst infection of imce with bovme strains of 
M iubercuhsis Table 2 and figure 2 give the information obtamed on the activ- 
ity of PAS On the whole, the reproducibihty of both drug mtake and response 
in tso IS remarkably uniform and PAS is obviousl}' suited to serve as a standard 
active drug Accordmg to the data obtained, moreover, the activity of the drug, 
as mdicated b 3 ’- the tso, appears as a straight hne when plotted on anthmetic 
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paper from an intake of 2 77 to one of 12 77 M moles per Kg per day. Below an 
intake of 2 77 ]\I moles, the activity falls off lapidlj'^ 



0 2 4 6 6 10 12 14 

Daily PASInta)!* in nnoles/Xj ef Body Weiiht 


Fig 2 Dose response curve for PAS 
TABLE 2 

Drug Intake and Activity of Various Diet Concentrations of PAS, together with Probable 
Error (PE) and Mean Error of the Mean (ME) 

CONCEIT Nmi 

TEATION BEE OE DEBC INIAKE/dAV/U MOLES PEE KG Is9 IN BAITS 

IN DIET TESTS 

i>6r cent 

0 125 4 1 67 d= 0 09 PE ± 0 04 ME 22 0 ± 0 55 d PE ± 0 27 d ME 

0 2 4 2 77 d= 0 18 PE ± 0 09 ME 22 92 ± 0 5 d PE d= 0 25 d ME 

0 25 4 3 51 ± 0 06 PE ± 0 03 ME 20 08 ± 2 38 d PE ± 1 19 d ME 

0 375 30 5 06 ± 0 34 PE ± 0 06 ME 24 06 ± 0 74 d PE ± 0 13 d ME 

0 5 4 6 54 ± 0 23 PE ± 0 11 ME 25 65 i 2 05 d PE ± 1 02 d ME 

0 75 31 10 08 ± 0 66 PE ± 0 12 ME 26 81 ± 0 79 d PE =b 0 14 d ME 

1 0 8 12 77 ± 0 89 PE ± 0 32 ME 28 11 ± 1 0 d PE db 0 35 d ME 

Promm was also included on several occasions in tests 14 through 52 Thus a 
diet concentration of 0 063 per cent was tested four times, 0 125 per cent once, 0 5 
net cent six times, and 1 0 per cent eleven times The results are shoivn in ta- 
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blc 3 The number of leplicates run js probably not sufEcient to construct anj 
significant response cun e All that can be said is that there is no evidence from 
the data at present at hand that the response cur\ cs for Promin and for PAS hav e 
a similai slope, a point of considerable importance in considenng the results 
obtained mth these and other compound's 
Tno dings, streptom}cin and dihj^drostreptomj cm, uere run as standard 
drugs for daily subcutaneous therapj The results obtained are shoira in table 
4 It will be noted that the responses Mith the tu o antibiotics are almost iden- 
tical Here again the number of replicates are small and maj' be insufficient for 

TABLE 3 


Tto Response of Promtn al Different Levels of Drug Intake by Mouth 


CONCENTSATIO': 

JS DIET 

KUilBER 0? TESTS 

UEA}, DKDC DfTAEE TEB DAV 

1££A^ Til 


4 

0 1C M moles/ICg 

21 23 


1 

0 32 M molcs/Kg 

21 8 


G 

1 37 M moles/Ivg 

25 65 

1 0 

11 

2 70 M moles/Kg 

27 65 


TABLE 4 


Tbo Response of Streptomyein and Dihydrostreptomycin at Different Levels of Drug Intake 

per Subcutaneous Injection 


DEDG IKTAEE U 
MOLES/EG 

STEEPTOinCIN 

DIHYDE 0 STEE PTOlTi ON 

Number of tests 

Mean Xii 

Number of tests 

Mean Tn 

0 0076 

— 

— 

1 

25 2 

0 0091 

2 

26 8 

2 

26 2 

0 0173 

2 

27 5 

2 

27 9 

0 026 

2 

30 2 

2 

29 5 

0 039 

2 

32 5 

2 

33 4 


the constraction of response curves However, there is no evidence that the 
slope of the response curves for these two antibiotics would resemble that for 
PAS 

It has thus been possible to measure in the standardized test with the Ravenel 
stram and the CFl mouse the response of drugs such as streptomycm, dihj^dro- 
streptomycm, or p-ammosaheyhe acid of known antituberculous actmty in man 
The response which has been obtained with these compounds in the muime infec- 
tion IS such as to encourage one to beheve that results roughlj’- parallel to those 
to be expected m man can be obtained by the use of this test At least the paral- 
lehsm of the response to that seen in man would appear to be as satisfactory as 
any that can be claimed for those tests using the guinea pig or the rabbit 
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DISCUSSION 

The lesults obtained mth this tuberculous infection in mice are remarkably 
uniform and reproducible whether one considers the behavior of the untreated 
controls or the response to treatment with active drugs It is appreciated that 
this in vno test is luglilj’' dissimilar to the natural infection in man or m any other 
animal, but it is submitted that this is of compaiativety little importance, par- 
ticularly at a level of investigation where search is being made for active drugs 
or senes of drugs 'W’ben such active drugs emerge, a different type of test can 
be used merely by changing the conditions of the strain of mouse, stram of 
organism, mfectmg dose, and so forth As was pomted out elsewhere, the infec- 
tion in the mouse can be made to conform to almost any pattern desired, from a 
lapidly fatal septicemia without man3’’ lesions to a chronic fibrocaseous disease 
Actuallj’’, the test is no more dissimilar to its natural counterpart than count- 
less dozens of other chemotherapeutic tests (with organisms producing either 
acute or chronic infections) which are employed daily and on the results of which 
definite decisions as to human or vetermarj’- usefulness are reached Such deci- 
sions are usually confirmed on chmcal trial There is certainly no reason, other 
than custom and reiteration, to beheve that the tuberculous mfection which 
employs the guinea pig is more satisfactory in indicating human (or veterinary) 
usefulness Moreover, no one can doubt that this latter animal is less satis- 
factory for many reasons, such as higher initial and contmumg expense, lack of 
homozygosity of available strams, and larger amounts of drug required 
With the test as outhned above, a purely objective critenon, the tjo, is used in 
evaluating the results, and any possibihty of errors due to the personal factor is 
eliminated Subjective criteria mvolvmg scormg based on a personal evaluation 
of the observed lesions would seem to be open to many objections and surely 
should not be considered if a satisfactoiy objective criterion is available It is 
believed that the above presentation shows that satisfactory objective criteria 
are available and that of these the tso is the best 

As has already been pointed out, both gross and microscopic pathological data 
find their true usefulness in the evaluation of any active compound which 
emerges, and will be thoroughly explored under such circumstances 

SUMMARY 

Information is presented on the results obtained by the use of certam stand- 
ardized procedures foi the evaluation of antituberculous compounds m vitro and 
in VIVO 

The use of a homozj’-gous mouse (the CFl) and a bovme stram of M tubercu- 
losis (Ra\ enel) has allowed the development of a test which shows good repro- 
ducibility both in the untreated infected mice and m the mice treated with known 
active drugs Small numbers of mice are used and the results can be evaluated 
in under four weeks Compounds of unknovTi antituberculous potential are now 
being tested by the above methods and the lesults will be presented later 
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Sini S.UIO 

Emplco del Ralon cn nna Prucha Normahzada dc la Acltvidad Antiluhcrculosa de 
los Compiicslo’f dc Ongen Katural StrMheo III La Prucha Kormalizada 

La informacion pre'^entada abarca los rosultados obtenidos con el empleo de 
ciertos procediniientos normalizados para la \ aluacidn dc los compucstos anti- 
tubcrculosos tn vitro e in an’o 

El empleo dc im ratdn homdcigo (cl CFl) y dc una cepa bovma del M iuher- 
culosis (Ra^enel) ha permitido elaborar una prueba dotada de biiena repro- 
ducibdidad en los ratones, tanlo mfectados y sm tratar como tratados con drogas 
activas conocidas El niimero de ratones usados es pequeno 3 el resultado 
puede ser apreciado en menos de cuatro semanas Con las t^cmcas desentas 
se hallan ahora en comprobacidn compucstos de desconocida actmdad anti- 
tuberculosa, j* el resultado se presentara despuds 
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THE USE OF BIOMETRIC METHODS IN COMPARISON OF ACID-FAST 

ALLERGENS 

F M WADLEY 

(Received for publication August 30, 1948) 

In allergen studies, comparisons of potency are of great importance They 
have been a matter of concern to U S Department of Agriculture workers on 
tuberculosis and related infections in cattle 
Johnson and. associates (3) have pubhshed studies on multiple testing of aller- 
gens on sensitized cattle, measunng reactions by skin thickening During 1945 
and. 1946 some tnals of technique were made and the results were analyzed The 
work was done m cooperation with Dr H W Johnson, Dr A H Groth, and Dr 
A B Larsen of the U S Bureau of Animal Industry’s Regional Animal Disease 
Research Laboratory, Auburn, Alabama, and Dr L A Baisden and Mr R R 
Henley of the Washington office of the Pathological Division of the Bureau The 
same methods of analysis have been found apphcable to skin reactions on gmnea 
pigs, measuring reaction by diameter or area of skin affected The wnter (6), 
has written a discussion of apphcations of experimental design to these problems 

BASIS OP COMPARISONS 

The use of biometnc methods is not so complex as is often beheved The 
basic reason for thinking one matenal is better than another is that it consistently 
gives better results m repeated trials Statistical analysis simply gives mathe- 
matical expression to the consistency or lack of consistency A measure of van- 
abihty famihar to many mvestigators is the standard deviation In present day 
work the variance, the square of the standard deviation, is much used, since it is 
more convenient anthmeticaUy and since variances from different sources are 
additive By the use of the technique known as analysis of variance (descnbed 
by Snedecor (5)), variances from different sources may be separated and com- 
pared when the expenmental plan permits it Care m plannmg an experiment 
IS necessary to permit a separation of all pertment effects 
In comparing the potencies of preparations by their biological reactions, the 
basis of comparison is the ratio of concentrations required for a given effect A 
material affording a particular result with only one-tenth as high a concentration 
as another material must be ten times as potent as the other material In present 
day work, the reactions aie usually compared by analysis of vanance and related 
to the concentiations by a curve Interpolation on the curve gives the best esti- 
mate of concentration required for a given reaction A carefully planned experi- 
ment will permit several short cuts These methods are discussed m numerous 
aiticles by Bliss and associates A particularly specific and useful treatment is 
by Bliss and Marks (1) This sort of companson is termed biological assay 
In analysis of the trials of technique of testmg tuberculms on cattle, it was 
found that there v as little variation m the operators’ inoculations and measure- 
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inonts, or hotwo/’ii thr two suit.-- oi an nnitnal Thoro wore marl'eil clifTcrcnccs 
m ronction hot noon (OW'., nnd nKo (llfi■orln(f■^ hot w eon rogum^ of tiie hodv A 
poo<I o\porimotitnl j)liin will hil’inio out tlio-o flitTcreiuo^ In pump rnatcnnls 
iMjii'il ropro-ont'ition on nil the nro nnd tlio nnirnnli ii'-od 

VarMiip com cnt rat ions of n rnattrinl *-howod rnnrlvcd difTortnccs A long 
‘■cries of dilutions, aniph ropla nted, v ns tried out and the rc-iilts were •itudicd 
Dilutions ranged from I 20 to I , l,’)3f),000 O T * Tin' n lation of concentration 
nnd reaction was not linear Iloweter, the logarithms of tonccntration plotted 
against reni tions pa\ e a nenrh linear curt c, tlioiipli it appeared famtl} S-«linpcd 



Log concentration, parts por million 


Fio 1 Relation between log concentration and reaction 
Tj'paii'l results, large senes of concentrations, 4 cows, 12 sites per concentration, tuber- 
culin precipitate on para sensitization (Site ditTcrences cause a wider scatter than should 
bo found, but trend still shows up ) 

(figure 1) At lower concentrations the slope was less steep Lineantj* was 
good, how'ever, o\ er a w ide range of medium and high strengths The linearity 
of reaction w ith log concentration was used m anal3'sis Heterologous materials 
gate curves less steep than liomologous materials For example, tuberculm on 
tuberculin-sensitized cattle ga\c a steeper curve than jobmn on such animals 
The tw o types of cur\ es w ere w ell separated at high concentrations and seemed 
to converge at lower ones A rather high level of reactions seems desirable in 
comparing allergens 

EXVMPLE OF TVPICVL DATV 

As an example, a test of a jolmin (30-1-3) against its sihcotungstic acid pre- 
cipitate on fivm paratubeiculosis-sensitized cows is selected One side of each 

* O T = Old Tuberculin, as onginallj prepared by Koch 
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COW was injected mtli the parent matenal, the other with the precipitate, each 
in a number of corresponding sites The sites on each side were divided into 14 
groups of 3 adjacent sites each Each group of three received three concentra- 
tions (1 40, 1 400, 1 4,000 0 T ), one on each site Reactions to the six treat- 
ments (two materials at three concentrations) are averaged for each cow Al- 
though the 14 units of a treatment on each cow were on different areas, varying 
in reaction, the units of each treatment covered the same areas Hence, the 
averages are comparable 


ANALYSIS OP VARIANCE 

The analysis of variance must first separate vanance for cows, for treatments, 
and for residual error In this expenmental plan, the error vanance is that for 

TABLE 1 


Average Reactions in Millimeters of Increased Skin Thickness in Test of Johntn vs its 

Precipitate 


COW NUMBER 

PARENT MATERIAL 

PRECIPITATE 

TOTALS 

1 40 

1 400 

1 4,000 

1 40 1 

1 400 

1 4,000 

816 

10 1 

4 5 

1 5 


7 4 

3 1 

38 6 

817 

8 0 

5 0 

2 2 


6 5 

3 5 

35 1 

818 

10 5 

5 4 

2 5 


7 9 

3 7 

45 2 

819 

12 6 

5 4 

2 6 

13 4 

7 9 

4 3 

46 2 

820 

6 6 

2 5 

1 2 


4 3 

1 6 

23 9 

Totals 

47 8 

22 8 


58 2 

34 0 

16 2 

189 0 

Mean 

9 56 

4 56 


11 64 

6 80 

3 24 



The totals are given merely for convemence in analysis, they would not normally be 
entered in the table 


interaction, or differential effect of cow and treatment If treatments behave 
differently on some cows than others, the error will be high and will indicate that 
there is doubt that treatments are really different The error variance is really 
a measure of how much treatments might vary, if they were not in fact different 
at all 

Calculation is carried out by convement short cut methods The variance is 
the square of the standard deviation, and methods for calculation are similar 
First must be calculated the total sum of squares of deviations of all items from 
the general mean This sum is then subdivided according to sources of variation 
The portions are divided by the proper dmsors (“degrees of freedom,” one less 
than the total number) The quotients are the “mean squares” or variances 
expressing vanation due to each source The vanances may be compared by a 
standard test (Snedecor, cited above) 

To get the total sum of squares of deviations, all items are squared and the 
squares totaled From this total is subtracted a “correction factor,” which is 
the sum of the items squared and divided by’’ their number This subtraction 
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n liiK f th(' *11111 nf 'Cjiinrf > of fin^^in**! it'Tn* to fhi* *-i!m of *- jirirr- of dr'whon^ 

from t!io inr ui In our ni'ittrml tin* < ili ul ition i 

[00 1)- -f- (} o)' 4- f't citfra fJ {)’ 'I* (! 0/J - (!SO0)7,f0 

or 1(»1S 70 minu* 1100 70, uhidi i ^ I2S 0f> 

Tho portion of till sum of ‘•qii'in duo to < ou \ 'virition is (piKkU computed 
from tow totals b\ miotlur short tut fonmil i [(IStO* -h -f (2.3 n)"|/0 — 

1100 70, 01 ol 11 (The diM'or is (>, httaiisf* (> items tntor rich total) The 

portion duo to troatmont aanation is o->tinvito<l 

1(17 vS)' d- 4- (10 2)-)/-. - 1190 70 or 3‘)1J?7 

Hie portion duo to difforentiil olToct or o\ponmorital error is rontcnicnlh 
estimated hj suhtrattinp tho others from tho total (It could be cstimatoti 
directU b^ more complc\ methods ) It is 12S0G — ol 11 — 37)1^37, or 22 2S 
A summara of the aiiah sis to this point maj be seen m table 2 


TABLi: 2 


Stinr-ary of Analysis of Vanarec 


COCICT or VAXXATtO^ 

*’VUTzt or 1 

ITTMJ 

0* c»ow 

i 

Dtrrtri or 
nxrpov 

srv or 

SQVAtti 

VIXK EQTArr 

Total 

30 

20 

428 00 

— 

Cowa 

5 


5-1 11 

13 CO 

Trcilmonts 

G 

5 

351 37 


Error 

— 

20 

1 22 2S 

■n 


The ratio of “cow” or “treatment” mean square to “error” moan square ma\ be com- 
pared with the tabular “F” aaluc (Sncdccor (3, eh 10)) Both arc a era significant 


KEFIXEMEVrS IX \X \L.aSIS 

Further studj’ is neccssarj' to define the important efTect of treatments It is 
easa to see that nearh all the effect is due to difference between concentrations, 
and that it is doubtful how much is due to materials The sura of squares be- 
tween treatments could be subdivided, using an eartension of methods alreada 
shown The special arrangement of the material, however, malres possible a 
studj by easier methods which arc well adapted to such problems Tlus is the 
method of separation of sums of squares for indiv idual degrees of freedom dis- 
cussed by Snedecor (5, ch 15) Bliss and Marks (cited abov^e) give the special 
application to the present problem 

It IS noted abov e that leactions show a nearly linear relation with logarithms 
of concentration The three concentrations (1 40, 1 400, 1 4,000) are more 
clearly stated as parts per 10,000 (250, 25, and 2 5) The logaiithms of these are 
2 4, 1 4, and 0 4 respectiv'cl)’’ This equal spacing of logantlims makes possible 
a special application of single degrees, to separate the part of the sum of squares 
due to linear relation, or regression, vvnth logaritluns of concentrations Othei 
parts of interest may also be separated 
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In the single degice method there are several general rules as to arrangement 
of comparisons, dnisors, et cetera The arrangement suited to this pioblem is 
presented in table 3 


TVBLE 3 

Single Dcnrcc Analysis of Trcalmcnls (Data of (able 1) 



1 

MATERIAL AST) EOO COSCESTRATIOS 

(PAUTS rra 10,000) | 

1 

STiT suit 

j 

DIVISOR 

suit or 
SQUARES 

« (net 
sum)* 

Parent 

j Precipitate 

D 

H 

m 

mm 

14 

0 

Reactions sum 

•J7 8 

22^ 1 

10 0 

58 2 

34 0 

16 2 

Divisor 

Material 

+1 

+1 


B| 

-1 

-1 

-27 8 

■■ 

25 76 

Regression (linear) 

+1 

0 



0 

-1 

+79 8 

■■ 

318 40 

Non-parallelism 

+1 

0 


BQ 

0 

+1 

- 4 2 

20 

0 88 

Curvature 

+1 

-2 

B 


-2 

+ 1 

+18 6 

i 60 

5 77 

Opposed cun'ature 

+1 

-2 

B| 

Bl 

+2 

-1 

+ 58 

60 

0 56 


It will be noted that these sums of squares add to the pre\ious total for “treatments” 
in table 2 (351 37) 

The sums of squares for each degree of freedom is obtained by taking the net sum indi- 
cated bj thesigns.squanngit, and dividing by the correct divisor The divisor is the sum 
of squares of the coefEcients, multiplied by the number of replications For example, for 
“cun ature,” the net sum is [(-j-l) (47 8)1 + l(-2) (22 8)] + [(+1) (10 0)] + [(+1) (58 2)] + 
[(-2) (34 0)1 -f- [(-f 1) (16 2)1, which equals -flS 6 The divisor is 5 [(-H)* + (-2)= -i- 
(+1)’ + (+1)’ + (-2)5 -I- (-hi)*)], or 60 The sum of squares is (+18 6)5/60, or 5 77 

These sums of squares are also'mean squares because each is based on only one 
degree of freedom As mean squares, they may be compared to the general 
error variance, 1 11, in the F test This test shows the difference between mate- 
nals to be quite significant, the variance due to linear regression is outstanding^ 
important, variance due to curvature is barely significant and of small impor- 
tance The linear relation accounts for most of the trend The other two vari- 
ances are nonsignificant, parallelism of trends in the two materials is satisfactory, 
and no trace of “opposed curvature” appears 

It has been noted that this simple analysis could not be earned out if concen- 
trations V ere not equally spaced on the log scale used With unequal spacing, 
certain single degrees of freedom could be defined, but they could not be directly 
identified with Imear regression, curvature, et cetera Also, the part of the van- 
ation due to hnear trend could be evaluated, but it would have to be done by 
general methods, fitting a Ime and talang deviations from it (Snedecor (5, ch 6)) 

MEASURING POTENCY 

The analysis shows that materials aie really different, by comparison of their 
variance with the error variance To measure the extent of the difference, further 
analysis is needed The compaiison of concentrations needed for a given effect 
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IS the Vital one These concentrations can be estimated from cuiv^es shomng 
relation of concentiation and reactions The hneai i elation vith logarithms of 
concentiation makes it simple to estimate the difference in logaritlims, and later 
evpiess this as a ratio of concentiations The line expiessing this relation is 
called a regression line The fact that regressions are practically parallel for the 
tno materials makes the distance between the lines a measure of the difference 
desiied (If they were not parallel a statement of difference could be made only 
for a given level of lesponse ) 

Regressions could be fitted directty, and estimates of log difference made by 
general methods However, there ha^e been developed short cut methods, if 
expeiimental anangement makes possible the anal5’^sis of table 3 and if nonparal- 
lehsm and cun^ature are not important Bhss and Marks (cited abo\ e) illus- 
trate these convement methods_ The difference m loganthms is estimated as 
Cs — Cl (K I D)/B, w'here Cs and Ci are average concentrations of the test 
and standard substances, I is the mteiT-al between loganthms of concentration, 
K IS a constant depending on numbei of concentrations used, D is the square root 
of variance between matenals, and B the square root of the vanance for linear 
regression Here C 2 and Ci are equal and I is simpl}’- 1, so that the expression 
boils down to KD/B For three concentiations, K is V8/3 or 1 63 , foi tw o con- 
centrations, 1 , for four concentrations, VS Tims our estimate of log difference 
is (1 63 V25 76)/V318 40 This is 8 28/17 84, or 0 464 It may be stated as 
4-0 464 in evaluating the potenc 3 ’- of the precipitate compared to its paient mate- 
rial A reversal of the test wmuld change the sign The antiloganthm of 0 464 
IS 2 91 We estimate that 2 91 times as much paient material as precipitate is 
required for the same effect Hence, the precipitate has a potenc}’’ estimated as 
2 91 times that of the parent material 

EREOK OF POTENCY DETERJIINATION 

Finalty, it IS desirable to estimate the standard error of the potencj’- latio 
This may be readity done in terms of loganthms A short cut formula (Bhss and 
Marks) is available foi solutions of the type used above The standard error is 
(s/b) V2/N, where s is the standard deviation, square root of the error vanance 
(here 1 11) , 6 is the average regression coefficient of reaction on log concentiation , 
N IS the total number of tnals of each matenal (heie 15) A moie complex 
formula is used where Ci and C 2 are unequal To use the eii 01 foimula, w e must 
estimate the average legression coefficient It can be calculated m this simple 
analysis as the quotient of “net sum” over “divisor,” but a more geneial method 
is given The coefficient foi each matenal can be quickty calculated fiom logs 
of concentiation and aveiage associated reactions It is the sum of pioducts of 
deviations of these tw 0 variables, divided bj' the sum of squaies of deviations of 
logs of concentration The sum of squaie of de^^atlons of logs is quicklj' calcu- 
lated (0 4)- -f (1 4)= (2 4 )= - (0 4 -f 1 4 -f 2 4)V3 , 01 2 00 In this paiticular 

case this might be easily calculated by talcing deviations diiectly from the mean, 

1 4, squaring and summing The sum of pioducts mentioned, foi the paient 
material, is (9 56 X 2 4) -f- (4 56 X 1 4) + (2 00 X 0 4) — (16 12 X 4 2)/3, or 
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+7 56 (16 12 IS the sum of the mean reactions, 4 2, the sum of logs ) The 

regression coefficient is then + 7 56/2 00, or +3 78 This is an estimate of slope 
of the hne, for every advance of 1 0 in log concentiation, an advance of 3 78 mm. 
m reaction is expected The regression coefficient for the precipitate is estimated 
as +4 20 The average regression coefficient is +3 99, which can be used as 
“6” in the formula, s will be Vl 11, or about 1 054, V2/N will be ■\/2/15 or 
0 365 Thus (s/b) V2/N vill equal 0 096 



Fig 2 A\erage regression fitted to reactions of parent material (X) and precipitate (0) 
from table 1 

Dotted line shows log potency ratio, graphic determination, as near 0 45 

The log of the ratio is thus estimated as 0 464 with a standard error of 0 096 
In figure 2, the mean reactions are plotted agamst logs of concentration, with the 
average i egression fitted and the distance between the Imes measunng the log of 
potency ratio 


EX.UIPLE OP WORK WITH GUINEA PIGS 

Guinea pigs are frequently used in prelinunarj’ e\ aluations of tubcrcubns, they 
often afford a quick and con\enient trial (See hlclntosh and Konst (4), a letter 
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fiom Greene (2) m England also discusses the uoik further) ■\'^nien the same 
materials haAe been tested on both cattle and guinea pigs, rankings ha\e been 
simihi Results have appeared to be a little less consistent mth guinea pigs 
than with cattle 

Reaction has been measuicd bj size of skin area showing irritation, areas, or 
aveiage diameters, of the round or oval spots have been used It seems that 
linear measurements are more likely to be “normal” and suited for anal 3 'S!s than 
aieas In the one companson of the two criteria made m this work, diameters 
were a little more precise than areas, this question needs more stud}"" 

Table 4 show s results of a comparison of 3 B A I tuberculms on each of 4 
mammalian-sensitized guinea pigs Three concentrations were used, thus em- 
plo 3 nng 9 sites per animal, complete randomization was used 

T4BLE 4 

Comparison of Tuberculins on Guinea Pigs 
(Average diameter of irritated spots in mdlimoters, 24 hour reading) 


nmEicni.rv KounzvL and coscevtiation 


no KTinjEa 

876 

880 

831 

1 too 

1 500 

1 2.S00 

1 100 



1 100 

1 500 

I 2 500 

39,152 


QQI 

9 00 

16 25 

10 00 

11 25 

17 50 

11 00 

8 25 

38,068 



10 25 

16 25 

10 50 

9 50 

15 75 

14 25 

9 00 

38,062 



11 00 

14 25 

15 50 

11 25 

19 50 

13 50 

8 25 

38,075 





10 50 

10 00 

17 50 

15 25 

9 25 


Following the same methods of analj'sis as in tables 2 and 3, and comparing tuberculins 
SSO and 8S1 with 876 as a standard, logs of potency ratios were 0 20 and 0 07, respectivelj 
Standard errors of logs of potencj ratios were 0 IS and 0 16, thus, no real difference was 
found in the matenals 


SUMJrART 

The application of biometric methods to the problem of companson of alleigens 
IS discussed and an e\ample is presented usmg results from cattle m detail A 
second e\ample of w ork with gumea pigs is more briefl 3 " cited The results show' 
that biometric methods are not diflBcult, that they measure consistency and gn e 
common sense results, and that expeiiments must be carefully planned to make 
full use of biometric aids m interpretation 

StJMARIO 

El Empleo de las TScnicas Btovi^lricas en la Comparacion de los Alergenos 

Acidorrcsisfen tes 

Discutida la aplicacidn de las t4cnicas biomfitncas al problema del estudio 
comparative de los alergenos, pres4ntanse ejemplos de los principles compren- 
didos, usando los resultados obtenidos en bovmos 3 '' coba3’'03 El resultado 
demuestia que las t^cnicas biom4tiicas miden la constancia 3 ' que ha 5 ' que pla- 
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near cuidnclosamentc los cvpcnmcnlos para apro^ cchar debidaxnentc los avra- 
liarcs biometncos cn la intcrpretacidn 
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EDITORIAL 

Tuberculosis in Medical Teaching 

Convmcmg arguments can be advanced to support the thesis that tuberculosis 
IS the most important among the diseases n Inch are both prei eatable and curable 
To readers of this jounial, the reasons do not require iteration why this disease 
remains one of the pai amount medical problems of this centurj’-, despite the 
considerable decline in its mortality m some countries The importance of the 
problem is indeed conceded by most leaders m medicine and medical education, 
and the necessity to instruct students and young physicians in this field is 
widely recognized Yet there is, in this countrj’- at least, and particularly among 
pfij-sicians who have devoted themsehes to the study and treatment of the dis- 
ease, a groiving concern about the adequacy of professional training as it relates 
to tuberculosis This concern has manifested itself mthin the Amencan Trudeau 
Society by the formation of a Committee on Medical Education The mvestiga- 
tions made and the conferences held bj’- this committee have undoubtedly aided 
in clai dying the problems, in discovering present deficiencies, and m pointing the 
w'ay to remedial solutions 

It requires no special investigations, however, to recogmze the principal cause 
of present day inadequacies in undergraduate and postgraduate medical training 
m tuberculosis The cause is at once apparent in the relative isolation of this 
field of medical activity from the teaching centers The sanatorium movement, 
w’hich at the opening of the tw'entieth century w as numerically still in its small 
beginnings, has in the last fifty years succeeded in segregating in special institu- 
tions nearly all of the patients under active hospital treatment for pulmonary 
tuberculosis Desirable as this may be in other respects, it has created special 
problems m medical education 

The tuberculosis patients w'ho might serve for clinical instruction have, for 
the most part, been w'lthdrawm from the teaching hospitals Consequently, 
neithei the students nor their principal teachers have sufficient opportunity 
foi diiect observation and study of this prevalent disease In many teaching 
hospitals, pulmonaiy tuberculosis patients are not admitted or they are ngidly 
segregated m a special division which sen’^es more as an isolation and transfer 
depot than as a unit foi definitive medical care Usuallj'' such umts, like the 
special tuberculosis hospitals and sanatoiiums, aie staffed separatelj’’ from the 
geneial medical services The phj^sicians w'ho undertake the caie of these pa- 
tients aie often too overburdened to take as active a part in the general medical 
woik as their colleagues in other branches of internal medicine Thus a sub- 
specialty of internal medicine has arisen which, though bj’’ no means nariow, 
since it has grown to include pulmonary diseases in geneial, is fuither separated 
in practice from general medicine than are most of the other recognized sub- 
specialties The othei intermsts, for their part, have small oppoitunity, and 
often little interest, to shaie in the responsibihty of caring for the tuberculous 
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sick Tiic lack of is parlituhrh conspicuous in academic circles and 

in Icachinn liospitaK. in nvun of which indeed the altitude appears to be that 
luheriulosis is scarcch a concern of the internist In most of the American 
medical colleges this condition has existed not only through many geneiations 
of medical students, but thiough several professorial d 3 ’nasties 

In theorj , the special status, which the caic of tuberculous patients has come 
to occupa because of the red or assumed neccssitj for segregation, need not be 
detrimental to medical education Courses for undergiaduates can be airangcd 
in scinatonums and tuberculosis hospitals AfTiliaiions can be proaidcd for the 
exchange of intcnis and residents between such hospitals and general hospitals, 
or between general sera ices and tuberculosis sera ices in gcncial hospitals Some 
such arrangements arc in fact aaideh’ jireaalcnt and it is not the lack of them 
aa Inch constitutes the problem There is, to be sure, great a ariation in the qual- 
itj of instruction and in the amount of time deaoted to these courses and train- 
ing periods in dilTcrciit centers The particular success achieaed m the compe- 
tition for curriculum time depends m large part on local factors Neither is 
the main problem the training of tubeiculosis specialists or even of teachers 
This must also depend on the organization of tuberculosis facilities in particular 
communities 

The larger problem is aahether the segregation of tuberculous patients, to the 
extent to aahich it exists, is necossarj' and whether the relatia'c isolation of this 
field of medical acti\ itj' is greater than it need be in the interest of good care 
and of scientific progress Considerations of climate, wdiich initially influenced 
the selection of remote localities for the establishment of tuberculosis institu- 
tions, liaA e been largely discarded In recent years the infectious nature of the 
disease and its chronicitj’’ haa o been the main factors in the continued segrega- 
tion of patients The latter considerations arc still valid and the provision of 
special facilities is necessary, though these need not be remote The progiess 
of the last several decades m thoracic suigery and, to some extent also, the moie 
recent developments in chemotherapy, have made the provision of complete 
hospital facilities essential, either wathm the tubeiculosis institutions themseh es 
or easilj’ accessible The skills requued in the modern treatment of pulmonaiy 
tuberculosis are man}’’ and varied The frequent association of tuberculous and 
nontuberculous complications adds further to the need for practically all medical 
and surgical specialtj’’ serMCcs, not excluding research facilities The closest 
possible association and interchange of information and ideas between the tu- 
berculosis and general hospitals is for these reasons evidently desirable Par- 
ticularly IS It desirable for the teaching hospitals, w^hich are the principal centers 
of clinical research, to maintain active contact with tuberculosis institutions, 
and even to proinde a quota of beds for the interchange of patients 

The admission of tuberculosis patients to general teaching hospitals on a more 
liberal basis than has become the custom would do more than an}'^ other measure 
to improve medical education in tuberculosis In a teaching hospital the mere 
presence of a tuberculosis section, even if limited to 25 or 50 beds, is of educational 
value It permits a greater integration of instruction in this subject with instruc- 
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lion in general medicine and surgery Moic importantly, it promotes a better 
undeistanding of the disease on the part of the general medical and surgical 
attending and teaching staff, and a gi eater awareness of its clinical and research 
problems No less importantl}’-, it permits the phj'sicians ith a special interest 
in tubeiculosis and pulmonary diseases to pursue the sub-special t3’' without losing 
close contact with general medicine Bj’’ actual participation in the w'ork of 
the general ser\ ices thej’- maj’- not onlj' extend the bieadth of their own medical 
knowledge, but also influence greatly the attitudes of their teaching colleagues 

In the last analj'sis, it is not what students learn in special courses, but what 
thej’’ absorb from their principal teachers, which forms education As long as 
the complacent attitude prevails m the general semces that a case of tubercu- 
losis IS primarily a disposition problem, so long wall the education of students and 
interns be deficient Onl3' exceptional circumstances, such as contraction of 
the disease itself, wall readil3'' turn the young ph3'sician’s interest to a closer 
stud3’' after the conditioning he usuall3’- receives in his clinical clerkship and 
internship 

To the phthisiologists and teachers of tuberculosis, the remedies should be 
deal No amount of piopaganda about the pre-eminent importance of tubercu- 
losis as a w orld medical problem is of the slightest value Neither is insistence 
on a paiticular amount of curriculum time desuable or necessar3’’, beyond a 
reasonable mimmum which is not likely to be demed Rather it is essential to 
attempt in every way possible to leduce the bariiers, both psychological and 
piactical, w'hich have grown up betw'een this sub-specialt3’' and general medicine 
By the very nature of the problem, these barners cannot all be remoi ed nor 
should special expenence and skill m the chmeal problems of tuberculosis be 
surrendered Greater participation by pulmonar3'^ speciahsts m general medical 
service and teaching can, however, be developed without sacnfice of special com- 
petence They need not acquiesce in over-speciahzation if they make it a con- 
dition of their semce to maintain opportumties for pursuing broader interests 
By so doing the3'’ can surely improve their own teaching and, not improbabl3% 
they ma3'' aw'aken in their colleagues an interest in recipiocal participation 

As tuberculosis, in some aspect, is the concern of ever3’- practitioner m what- 
ever specialt3'', so its teachmg is the responsibility of the entire medical facult3’' 
The phthisiologist’s concern is with the segment of the problem which hes within 
the field of internal medicme As the thoracic surgeon is primary a surgeon, 
so the phthisiologist is primarily an mtermst The more he can participate with 
other internists in joint clinical lesearch and teaching enterprises the better 
will be the education of the students who are under their mutual guidance 

Carl Mtjschenheim 
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TUBERCULOSTATIC ACTIVITY OF AUREOMYCIN IN VITRO 

AND IN VIVO 

To the Editors of the American Review of Tuberculosis 

The letter of Steenken and Wohnsky* on the activity of aureomycin against the tubercle 
bacillus prompts a brief note as to the results m our hands The growth inhibiting ac- 
tion on H37Rv, Ravenel, and a BCG stram of M tuberculosis has been tested m vitro 
Usmg Kirchner’s medium, to which has been added 0 03 per cent of Triton A-20", and 
readmg the test at the end of 5 days, a sharp end pomt of mhibition has been obtamed at 
4 55 7 per ml for H37Rv, 12 5 7 per ml for Ravenel and 0 36 7 per ml for BCG m the 
absence of serum With 5 per cent sheep serum in the same medium at the end of 5 
days, a range of partial mhibition of BCG occurred from 0 27 7 to 1 0 7 per ml 
The maxunal tolerated daily dose of aureomycm per os for the CFl albmo mouse 
weighmg approximately 18 Gm was determmed and found to be 5 mg Groups of 10 
nuce each of the same CFl stram weighmg approximately 18 Gm were then infected 
with the Ravenel stram of M tuberculosis var bovis by the standard method® Two 
groups of 10 mice each were left as untreated controls, one group received 2 mg of aureo- 
mycm per os dady and one group 0 5 mg per os daily As a positive control p-aimno- 
sahcyhc acid mcorporated m the diet was used m one group at 0 75 per cent and m the 
other at 0 375 per cent As has been shown elsewhere®, the delay in the tso (calculated 
time of survival of 50 per cent of the mice) has been shown to be a highly satisfactory, 
reproducible, and objective method of measuring antituberculous activity Under the 
above circumstances, neither dose of aureomycm had any effect on the tso, whereas p- 
ammosahcyhc acid m the same experiment gave a delay of 7 2 days at the 0 75 per cent 
level and a delay of 4 5 days at the 0 375 per cent level Although on a per kdogram 
basis the 2 mg daily dose represents approximately thirty-five tunes the dose given by 
Steenken and Wohnsky, it wdl be noted that even at this dose aureomycm per os had no 
detectable effect upon the course of infection with M tuberculosis m the mouse 

The Division of Miceobioloqt G Rake 

The Squibb Institute for Medical Research R Donovick 

New Brunswick, New Jersey 
April 22, 1949 

® Steenken, W , Jr , and Wolmsky, E , Am Rev Tuberc , 1949, 69, 221 
® Subsurface active agent mcorporated m the medium at the suggestion of Dr R Dubos 
of the Rockefeller Institute for Medical Research 
®Rake, G ,etal , Am Rev Tuberc , 1949, 60, 121 
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E. A Willis Pathology of Tumors Pp xxiti, 992 Btdierworth d Co , Ltd , 
Londo7i, England, The C V Moshy Company, St Louis, Mo , 1948 Price $20 00 

Doctor Willis’ approach to the problem of the pathology of tumom is at the same 
time highly individual and honestty objective His peisonal bias gives spice to 
the book He has combined his own long and vide experience in the stud}’’ of 
neoplasm "with his broad Imowledge of the ■writings and conclusions of other 
students of the field, but he has never let the latter sway his own judgment 
He never defers to authority nor straddles a difference of opinion and yet his 
confidence in the correctness of his own news falls short of the didactic in almost 
every instance 

The volume is divided into two parts The first, which comprises about a 
fifth of the whole, is concerned inth a general discussion of neoplasia It is v ell 
done and at the same time regrettably concise It might well have been ex- 
panded into a full compamon volume for the main body of the work This 
Part I disposes quickly with the emgma of defimtion, logically discounts and 
discards all classifications but that one proposed by the author, touches the 
salients of the experimental production of tumors, deplores the defects of sta- 
tistical analysis, biiefly catalogues tumors of other species than man, and goes 
on to a discussion of growth, spread, metastasis, and the general nature of neo- 
plasia The condensation of this large body of knowledge and experimental 
endeavor into httle more than two hundred pages is a feat remarkably and ad- 
mirably contnved From it a reader who is quite unfamiliar \nth the field is 
able to acquire a general background that is valuable either for itself alone or for 
more specific and detailed hterary inqmry into special aspects of cancer study 
As such it IS of value and interest to students of medicine whether undergraduate 
or postgraduate 

Part II compnses the remaimng four-fifths of the book It is entirely unlike 
Part I in that its concern is a detailed and systematic description of the mor- 
phology, behavior, and incidence of the many individual tumors that arise in the 
mammahan body. It is a textbook for the advanced stud}’’ of neoplasia and for 
the practicmg surgical pathologist, and a reference book for the chnician vho 
day bj’- day encounters the distressingly common or the puzzlingly rare new 
growths 

One by one Doctor Willis considers in systematic detail the epithelial tumors 
of the organs or organ systems of the human body The approach to each is 
much the same, and this is a praiseworthy uniformity v hich adds to the value of 
the book both as a reference v ork and as a pedagogical instrument An example 
of this IS the treatment of the “Epithehal Tumours of the Trachea, Bronchi, and 
Lung ” Here, after a bnef and semihistoncal introductory paragraph deahng 
chiefly with pulmonarj’’ carcinoma comes a section on “Frequency, Age, Sex, 
Race and Species Incidence” vhich after a categorical discussion is followed by 
“Possible Causative Factors” again considered in detail and in turn followed by 
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the more morphological aspects of the lesions, “Site of Origin”, “Growth, Com- 
plication and Local Spread”, and “Metastasis ” Bronchial adenomas and other 
benign tumors aie treated in a sufficient manner at the end of the chapter 
The adherence to this pattern of treatment of the various anatomical areas 
and their tumors tends unavoidably to monotony but this defect is offset by the 
facihty to reference afforded by it The profusion of case histones of patients 
or specimens studied personally by the author, which he uses constantly through- 
out the te\t to illustrate his thesis, adds greatly to the individuality of the work 
and comfortingly confirms the reader in his opimon that he is perusing something 
by someone who has “been there ” The mterspersion of these case histones 
softens the effect of the reiterated personal pronoun, especially m the author's 
expression of opinion 

The text is copiously and excellently illustrated with photomicrographs of rare 
tumois and of the less common aspects of familiar tumors Doctor Wilhs qmte 
properly has not attempted to duplicate standard textbook reproductions 
The bibliography at the end of each chapter is not only full and timely but has 
the almost umque virtue of presenting in bold face type those works which the 
author has thought for one good reason or another to be of outstanding value, 
and to each he has appended in parentheses his reason for so thinking Thus 
discrimination is added to completeness 

John M Pearce 

NEW YORK CITY 


Vicente Sanchis-Olmos Skeletal Tuberculosis Pp xiii, 261 Williams d 
Wilkins Co , Baltimore, Md , 1948 Price S5 00 

According to the preface, this book has been written “with the intention of 
emphasizing that which is new or httle known ” It is wTitten by a Spanish 
orthopedic surgeon and is based on his experience and teaching in Spam, sup- 
plemented by observations made while he was in Boston as a giaduate student 
in orthopedic surgerj’- The author reviews the pathogenesis, the pathology, 
the roentgenologic examination, symptoms and their evolution, and the treat- 
ment A second part deals with special subjects 

In discussing pathogenesis and pathology, the author goes into considerable 
detail about various types of tuberculous lesions, such as granular, exudatii e, 
and caseous synovitis and osteo-arthntis These undoubtedly exist, and the 
author may be correct in his statements about these and their practical signifi- 
cance Nevertheless this reviewer believes that the author fails to show con- 
vincing pi oof, in some of the loentgenograms exhibited as demonstrating gran- 
ular osteitis and exudatn e sj'nontis, that they are such 

Theie are actually some statements to which exception may be taken, such 
as “In other instances [spondylitis] it is the deformity [Ivj’phosis] that first at- 
tracts attention ” This is unf oi tunately true at times, but we beheie that the 
diagnosis of tubercuhi spoiid> litis should be made befoie the deformity dei elops 
Again, ill discussing pathologic dislocations, the author mentions two classes, 
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early and late The early one is said to be due to “a large intra-articular ef- 
fusion that hastens the loss ” Such a dislocation in a tubercular joint -mthout 
some tissue destruction seems to the re’vnewei a verj^ remote possibiht}’- 
The book is valuable as a compilation of knovn facts regarding the incidence 
of tuberculous osseous lesions m a well-known institution in Spam As a basis 
for teaching the more theoretic phases of pathology and pathogenesis, it is worth 
while if it IS realized that a considerable pait of that poition of the book must be 
based on theoiy 

R K Ghoemlet 


Ren:6 Sand, Professeur de Mddecme Sociale a I’Umversit^ hbre de Bru'^elles 
VerslaMMecineSociale Pp 671, J -B BailliereetFih, Pans, 194S 

From the point of view, histoncal-bibhographical rather than analjdical- 
pathological, this book is a most valuable ennchment of present da3’’ hterature 
on social medicine The wide scope of the materials covered is overwhelming, 
and the author’s bibhographic knowledge is evidenced in each chapter starting as 
a rule wnth presentation and quotation from ancient history throughout the 
ages until most recent time Already the hst of contents gives proof of it In 
indmdual chapters are treated the history of the medical professions, the 
history of hospitals, and the history of personal hygiene All of these and the 
subsequent accounts are accompamed by numerous quotations from Graeco- 
Roman, Chmese, Indian, Arabic, hliddle Age, and hlodem sources These 
are followed by chapters deahng with the history of public hj’^giene, epidemics, 
and public health, and the history of social hygiene The latter is dinded into 
a good many subsections For example, on the first programs of social hj^giene 
throughout the wmrld, the role that single inspiring personalities plaj'ed in the 
development of pubhc health and city samtation, such as Phihppe Buchez in 
France, Salomon Neumarm and Rudolf Virchow in Prussia, Max von Petten- 
kofer in Bavana, is review ed Subsequent sections in this long chapter deal 

with the coming of preventive medicme, marnage counsehng, the care of preg- 
nant mothers and their new born, school hygiene, phj'sical health and periodical 
examinations of school children, and the fight against tuberculosis and other mass 
diseases Moreover such subjects as housmg and urbanization, ph5'sical and 
h3'gienic education, and many more items of modem preventive medicine are 
covered Further chapters treat the history of factor3’’ work since antiquit3, 
the protection of labor, legislation on w ork conditions and occupational mjunes, 
the history of pubhc assistance and social insurance, the histor3’' of the sciences 
of man, among which statistics, demograph3’', anthropometry, social psychology, 
genetics, eugenics, and population politics are named and briefly aimotated 
Finally, the book closes with a longer chapter considenng in some detail, countr3’’ 
b3’’ countr3’’, the present advancement of social medicine, its recent de\ elopments, 
achievements, and institutions A relatively large subsection in this chapter is 
del oted to social medicine in the English-speaking w orld, especialH’ Great 
Britain and the Umted States, after the earher dei elopments in Germany and 
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France hare been reported upon at some length A few sections in this chapter 
also deal with the still controversial defimtions, limitations, and methods of 
social medicine, and lastty with the teaching and curriculums of this new branch 
at various umversities and medical schools 
Theie certainly is a tremendous field of medical science and its lelationship to 
social conditions covered in the book, and it is almost past behef that a single 
personality, even of such erudition and age-old experience as Ren6 Sand in 
various brackets of hj’-giene and pubhc health, is able to master this vast field 
Small wonder, then, that certain subjects, such as the control of tuberculosis, 
the fight against venereal diseases in its singular stages, the detection of cancer 
and its differential mortality, the explanations and applications of \atal statistics, 
the importance of anthropometnc evaluations, et cetera, are only sketchily dealt 
vith Nevertheless, the vealth of bibliographic footnotes is amazing eveiy- 
where There are almost no statistical tables in the large book to characterize 
differential prevalence of diseases in different socio-economic or occupational 
groups Evidentty, as the title of the book, Toioards Social Medicine, ma}' in- 
dicate, the author’s intention was to descnbe the trend of pubhc health and 
group medicine since antiquity rather than to give a s 5 ’’stematic social pathology 
at the present time by demonstrating the degree to which diseases are mfiuenced 
(oi not) by social-enviionmental conditions The latter can be done only bj’’ 
careful presentation and anatysis of pertinent statistics, the former (the tiend 
of social medicine throughout historjO is masterfully elucidated and amply 
supported by an abundance of bibliograpluc footnotes and appendix notes v Inch 
m themselves make the book worth possessing as a source for further inquiries 
m the field of social medicine There is at the end a supplementarj'^ bibhog- 
laphy on general subjects, an alphabetic index of names, and a carefully planned 
and useful index by countries and subjects treated m the book 

George Wourr 

WASHINGTON, D C 


A BmvDroRD Hill Principles of Medical Statistics Fourth edition London, 
The Lancet Liniited, 1948 Pp n and 352 Price 7s 6d 

This is the fourth (revised and enlarged) edition of the “Principles” after the 
thud edition was reprinted three times duiing the var without essential changes, 
so gieat vas the demand among medical circles for this little book on statistical 
treatment of medical problems Tins in itself is a high iccommcndation of the 
book fiom the practical point of vem I liaae before me the first edition that 
appealed in 1937 and mav veil be m a position to compare the tvo as to their 
practical aaliie The book has increased from 171 pages in the first edition to 
252 m the present vathout IiaMiig lost its principal character of being a readable 
introduction to all vho take time out to study a few fundamental *=tati«lKal 
problems A new chapter (The A\ci'age) has been added to demonstrate liov 
central a allies (mean median, mode) can bo easila calculated from grouped 
figures du using arbitrarv units) mthout imohing arithmetical li mlsh'ps 
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Such a chapter has a highly educational value for all who shnnk fiom statistical 
computations The further chapters on problems of sampling (Pioportions, 
Differences, Discussion of the Chi-square test) have been retained for the larger 
part as the}’- were printed m the former editions with some supplementarj’- 
examples added Special attention is given to the discussion of the statistical 
significance of differences which are of great importance m climcal research, as 
w ell as in pubhc health wmrk, to prove (or disprove), for instance, the value of a 
new' therapeutic agent, the efficac3' of a vaccination procedure, the variation of 
bodj' measurements between groups of school children, et cetera There are 
two chapters on the calculation, use, and misuse of the correlation coefficient, 
similarly as m the first edition The chapter on life tables, which was somewhat 
sketchy in the former editions, has been essentially enlarged and illustrated b}' 
examples, emphasising the great importance of survnval rates and other life table 
values (hfe expectancy) in vital statistics and population theorj' Of special 
value, it seems to the reviewer, are the following three chapters on fallacies and 
difficulties m the use of vital statistics Here it maj' be mentioned that the 
so-called proportional death rates (proportion of specific deaths among all deaths) 
are cntically view ed These ratios are too often used (because they are readily 
obtainable) instead of the death rates proper in a population at risk Tuber- 
culosis IS chosen as an example to show that such proportion (though anth- 
metically correct) is never a good measure for the nsk of d3Tng from tuberculosis, 
for it depends just as much on the relative frequenc3’- of other causes of death, the 
increase or decrease of which must necessanty influence the proportion of tuber- 
culosis deaths The same criticism is apphed to the use or misuse of crude and 
standardized death rates, two new chapters are added to discuss the standard- 
ization methods usually employed It is ob%nous that the death rate in a chosen 
standard population is a fictitious rate for the risk in a given population, but 
it will be of great value as a comparative index in populations of different age 
and sex composition and, m the Umted States in particular, of different race 
composition In such cases, the overall (or crude) rate gives a distorted picture 
The direct and indirect methods of standardization are shown m special examples 
There is no doubt that Hill’s “Pnnciples,” though somew'hat more technical 
in the new edition, wall gam more friends in medical circles There are qmte a 
few mathematical-statistical textbooks crowded wnth formulas and derivations 
from abstract examples on the market, but there is hardly a better guide available 
to the public health worker and ph3’-sician for statistics apphed to medical 
problems The work is critical without being sophisticated In his introductory 
chapter the author states quite ably “No statistical method can compensate 
for a badly planned experiment,” m pubhc health, how ever, we have to deal as a 
rule “wuth statistics that come from no dehberate expenment but that arise, and 
aie collected, from a population hvmg and d3ung in an everyday course of events ” 
To analyze these “mass expenments,” which cannot be planned a prion, a good 
deal of knowledge in the subject matter is necessary, in addition to statistical 
methods, to make the statistical analysis a hve contribution to research 

George Wolff 

WASHINGTON, D C 
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Clinical Studies, Tuberculosis 

Dangers of Vitamin D* Therapy — ^Although 
prewous good results warrant the use of large 
doses of vitamin D: m certain forms of tuber- 
culosis, this treatment is not without danger 
Pathologically the lesions produced by this 
treatment are identical with those seen after 
the adnunistration of irradiated ergosterol 
There is calcification of the large vessels of the 
lungs, the heart, the dura, the digestive tract, 
and of the kidneys The damage is particu- 
larly severe m the kidneys where calcifications 
have been observed in the renal epithelium, 
the interstitial tissue, the glomeruli, and the 
artenoles Climcally, intoMcation is usually 
mamfested by gastro-mtestinal symiptoms but 
it is noteworthy that severe kidney damage 
may precede clinical signs This is especially 
true m kidneys wLich have been damaged by 
tuberculosis Elevation of the blood urea 
nitrogen is an early danger signal and is ob- 
served m most patients with renal tuberculosis 
This azotemia usually persists after the treat- 
ment IS stopped Elevation of the blood cal- 
cium and phosphorus is observed less fre- 
quently The dosage of ntamin D; is 15 mg 
once or twice a week and is continued as long 
as it is tolerated This is rarely more than 
five or SIX weeks in patients with renal tuber- 
culosis — Des accxdents de la ntamino-tMra'pie 
D" a fortes doses, en particulier dam la Ivber- 
culose renale, M SecrMan, Schweiz med Wchn- 
schr , January 24 , 19/^8,78 49 — Marcus) 

Pneumothorax for Minimal Tuberculosis — 
Statistics from a French sanatorium for high 
school and college students between the ages 
of 15 and 20 show that an mcreasmg number 


of the cases are bemg diagnosed by routme 
examination, 20 per cent m 1945 and 48 per 
cent in 1947 During 1947, only 14 per cent 
of the patients had far advanced tuberculosis, 
most had well localized, small infiltrations 
with or without cavitation Of the 145 pa- 
tients discharged from the sanatorium smce 
its opemng m 1945, 121 had been treated with 
pneumothorax and 81 per cent of these had 
favorable results Only 57 per cent of the 33 
patients treated with a simple sanatorium regi- 
men responded favorably Tlie maximum ob- 
servation penod for any case was 2 5 years 
There were 40 asymptomatic patients with 
minimal lesions on the roentgenogram but 
without tubercle bacilh in the sputum Six- 
teen of them were treated with pneumothorax 
and 24 with rest alone After 30 months, 8 
relapses had occurred in the conservatively 
treated group None of the 16 patients with 
pneumothorax relapsed during that period and 
all were able to r^ume an mcreasmgly active 
mode of life — A propos des indicatiom du 
pneumothorax dam les formes bemgnes de la 
tuherculose pulmonaire, (une stalistique du sana- 
torium des lyciem et colUgiens a Neuf-Mou- 
tiers-en-Bne), J Lardanchet, Rev de la iuberc , 
1948,12 84B~{.V Leites) 

Extrafascial Pneumothorax — Cavities w'hich 
have remained open under a thoracoplasty can 
be collapsed by an extrafascial pneumothorax 
An extrafascial pneumothorax also has the 
advantage of preventmg paradoxical breath- 
ing which IS frequently seen after thoraco- 
plasty In the 20 patients reported by the 
author an extrafascial pneumothorax was 
established followmg a second stage thoraco- 
plasty — Die extrafasziale Imftfullung nach 
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Obergcschossplastil, K Janauschcl, Wien 
Utn Wchnschr , December 24, 1948, 60 825 — 
(G C Lancr) 

Decortication and Lobectomy — The results 
of thorocoplasty ha\ e been disappomtmg n hen 
pulmonary tuberculosis nas uncontrolled bj-^ 
pneumothorax and complicated by tubercu- 
lous empyema or an unexpandable lung The 
Schede or Keller operations with resection of 
the parietal pleura have been the best avail- 
able surgical treatment m the past Hoiv ever, 
the mcidence of ca\atj’’ closure and healing of 
the empyema has been low and the degree of 
mutilation and disfiguration of the patient 
often severe mth these procedures A nen, 
combmed procedure is suggested for selected 
cases It consists of lobectomy when the 
tuberculosis is confined to one lobe with de- 
cortication of the remaining lobe or lobes 
Two illustrative cases of upper lobe tubercu- 
losis, uncontrolled by pneumothorax, are pre- 
sented In neither case could the lung be re- 
expanded and m neither case was it thought 
that thorocoplasty over the unsuccessful pneu- 
mothorax would produce a satisfactory col- 
lapse One case was further compheated by a 
nuld tuberculous empj ema Each was treated 
successfully by lobectomy with extrapleural 
dissection and decortication of the remaimng 
lung tissue In both mstances streptomycm 
and pemcillm were given parenterally for one 
week before and for three n eeks foUowmg the 
operation Lobectomj^, with decortication if 
necessarj'^, should be considered when a pneu- 
mothorax has been unsuccessful m obtaimng 
ca\aty closure despite a seemmgly adequate 
anatomical collapse of the diseased lobe which 
re-expands slowly This would avoid the risk 
of spreadmg the disease durmg a prolonged 
period of re-expansion before thoracoplasty — 
Decortication and lobectomy for uncontrolled pul- 
monary tuberculosis with tuberculous empyema 
or unexpandable lung, I A Sarot, Quart Bull , 
Sea View Hasp , April, 1948, 10 4^ — ( K T 
Bird) 

Hemothorax after Pneumonolysis — ^It is 
recommended that the blood be removed from 


a hemothorax which has developed following 
a pneumonolysis Tliis was done by* thora- 
cotomy in 11 cases Tlie operation should be 
performed within eight to fourteen days after 
the pneumonolysis, as soon as the temperature 
has become normal — Die operative Ausrau- 
mung der loUgcblutctcn Pneumolyse, K Janau- 
schek, TFtcn khn Wchnechr , October 22, 1948, 
60 680 —{G C Lctncr) 

CuNiCAL Studies, Nontuberculous 
Diseases 

Boeck’s Sarcoid — The pathological obser- 
vations m 4 cases of Boeck’s disease showed 
lesions which resembled one another m many 
respects m the acute as well as m the heahng 
stages despite the \ aried clmical courses Al- 
though complete regression may occur, fibrosis 
and hyalmization without calcification were 
seen m all 4 cases In the acute stage there 
was a predominance of histiocydes occurrmg 
m discrete tubercles without many Ijunpho- 
cytes and without necrosis In the healmg 
and healed stages fibrosis, a tendency toward 
hyalmization w ithm uncalcified tubercles, and 
the occasional retention of outlines of the 
tubercles m hyalmized areas, are suggestive of 
Boeck’s disease — Boeck’s disease, Rosenthal, 

J , d, Feigin, I , Arch Path , June, 1948, 45 
681 — (E Bogen) 

Paradoxical Mediastinal SwingmPIeurisy — 
The occurrence of mediastmal shiftmg or 
Holzknecht-Jacobson’s sign m some cases of 
bronchial obstruction is well known It has 
been reported occasionally as the sole mdica- 
tion of an obstruction later demonstrated by 
bronchoscopy The phenomenon consists of 
a shiftmg of the mediastmum toward the af- 
fected side durmg mspiration, particularly 
deep inspiration, and a return to or beyond its 
former position durmg expiration, especially 
followmg a cough The respiratory un- 
mobihty of the affected lung, which neither 
completely fills on inspiration nor is completely 
emptied on expiration, produces the shiftmg 
of the mediastmum The expanded sound 
lung exerts pressure and the incompletely 
filled hemithorax on the affected side acts as 
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nn attncting force Atelectasis or emphy- 
senn are not necessanh factors In certain 
cases of pleunsj, the authors haae noted a 
paradoxical mediastinal shifting toward the 
sound side, and report 4 ca'jes m « Inch it oc- 
curred In all of them there n as complete 
immobihtA of the affected side of the thorax 
including the diaphragm and the shifting 
occurred nhen the sound lung emptied 
rapidlj follouang a cough — Lc halancemenl 
midiaslinal dc sens paradoxal dans ccrlaincs 
symphyses picuralcs cl lc signc d' Hohknccht- 
Jacohson, M Levrat di G Despicrrcs, Le 
Poumon, Jidy-A^igtisl, 194S, 4 209 — (A T 
Laird) 

Pedicles of Upper Lobes — The anatomical 
relations of the arteries, veins, and bronchus 
winch make up the stem of the upper lobe of 
the lung are of especial interest to the surgeon 
durmg a lobectomy Accordmg to the new’er 
technique the use of the tourmquet has been 
abandoned, the vessels are ligated separatelj , 
and the bronchus is closed by suturmg The 
authors report anatomical studies made on the 
cadaver and durmg the course of the removal 
of 16 upper lobes The pedicles of the right 
and left upper lobe differ because of the 
presence of the lingula on the left and the 
passage of the left branch of the pulmonary 
artery aiound the left upper lobe bronchus 
The right upper lobe bronchus usually anses 
from the outer wall of the mam bronchus 
about 21 mm from the tracheal bifurcation 
Anomalies in its oiigin are comparatively 
rare though it has been found to start directly 
from the trachea or to leave the mam bronchus 
m a common trunk wath the branch to the 
middle lobe The course of the bronchus is 
outwaid and upward to the upper lobe, where 
it may terminate in 2, 3 or 4 branches The 
uppei lobe of the right lung always receives 
several artenal branches includmg the prin- 
cipal or anterior artery, the accessory or 
retrobronchial artery and, rather frequently, 
other important branches These may not 
be seen unless the pedicle is examined by way 
of the interlobar fissure The most important 
of the veins is the posterior vein of the upper 


lobe In the left lung, the upper lobe bronchus 
comes off the mam bronchus farther from the 
bifurcation of the trachea than on the right 
side It IS often not more than 15 mm m 
length but is considered long enough to suture 
The bronchus terminates in an ascending and 
a descending branch The left mam branch 
of the pulmonary arterj’’ is smaller m cahber 
than the right and the arrangement of its 
subdivisions is variable Approach by way 
of the interlobar fissure is necessary to locate 
some of them The left superior pulmonary 
vein consists entirely of branches derived 
from the upper lobe Variations m the origm 
of arterial and venous branches occur on both 
sides — Les pidicules des lobes pulmonaires 
sup6nenrs, A Maurer A F TohS, Le Pou- 
mon, January-February, 1948, 4 7 — (A T 
Laird) 

Technique of Upper Lobe Lobectomy — 
This paper is a discussion of the removal of 
the upper lobe by dissection and severing of 
the elements of the pedicle as practiced by the 
autliors m a series of 16 lobectomies Their 
senes mcluded removal of the nght upper 
lobe m 8 cases, of the right upper and middle 
lobe m 3, and of the left upper lobe m 5 
They were undertaken for an abscess of the 
lung m 9 cases, for cysts of the lung m 5 cases, 
and once each for cancer, tuberculosis, and 
bronchiectasis The feature of the operation 
to which the authors call special attention is 
the ligature of each of the blood vessels m the 
pedicle with the closure of the bronchus by 
sutures The patient was placed m the 
lateral position and general anesthesia, usually 
cyclopropane-oxygen-curare, with tracheal m- 
tubation was employed The mcision was 
made along the fifth nb or m the fifth mter- 
space, m adults the fifth rib was removed by 
subperiosteal resection The principal ar 
tery and the veins of the nght upper lobe were 
reached from the front The other arteries 
of the right upper lobe were approached by 
way of the interlobar fissure which m some 
cases had to be reconstituted The bronchus 
W'as finally attacked from the fissure or from 
its posterior aspect In most cases it could 
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be sutured directly iiithout prelimmarj' 
closure of any branches The method of 
Sneet was followed, the bronchus being 
clamped on the pulmonary side and then 
sectioned and sutured progressive!}’ Pleural- 
ization of the bronchial stump on the right 
side was accomphshed by utilizing the pos- 
terior mediastmal pleura which was made to 
cover the anterior surface of the bronchus 
In the left lung the aortic pleura was used 
It was always necessary, especially m cases of 
abscess or tuberculosis, to prevent the escape 
of secretions from the upper lobe bronchus 
before the bronchus was sutured Otherwise 
they imght have been aspirated mto the other 
lung or mto the lower lobes of the same lung 
The authors preferred pre\nous preparation of 
the patient, tracheal aspiration and minimal 
pulmonary mampulation rather than the use 
of an obturator or clamp Aseptic lesions 
without bleedmg pleural surfaces do not re- 
qmre dramage but mfeoted cases may need 
long-contmued aspiration Of the 16 pa- 
tients who were operated upon, 3 have died 
one of tuberculous menmgitis after the re- 
moval of an upper lobe for tuberculosis and 
2 of pulmonary abscesses In 4 cases a 
bronchial fistula developed — Technique de la 
lobectomie sup&neure far dissection des de- 
ments du pedicule, A Maurer A J Matkey, 
Le Poumon, January-February, 194S, 4 
21 — {A T Laird) 

Relative Safety of Upper Lobe Lobectomy 
— A study of 63 cases in which an upper lobe 
of the lung w as removed shows that the results 
of this operation are as satisfactory as those 
followong other pulmonary resections This 
senes, operated on at the Alassachusetts 
General Hospital m Boston from 1943 to 
1946, mcluded 45 cases in which the upper 
lobe alone was removed, IS m which the 
upper lobe and some other portion of the 
lung were resected, 16 m which the nuddle 
lobe alone was removed, one m which the 
apical portion of the lower lobe, and one m 
which the middle lobe, and a portion of the 
lower lobe were removed In the senes there 
were 13 cases of lung abscess, 21 of tuber- 


culosis, 12 of cancer, 10 of bronchiectasis, 3 of 
pulmonary C3’sts, 2 of chrome pneumonia, and 
2 of benign tumors In all of the cases, the 
blood vessels in the pedicle of the lobe were 
ligated separately, the bronchus was divided 
and sutured, and the stump was pleurahzed 
Prophylactic pemcillm therapy was given for 
several days before the operation, transfusions 
and plasma infusions were given durmg the 
procedure Dramage was employed after 
resections for tumors or suppurative lesions, 
of the 63 cases, 45 were dramed Lobec- 
tomies for abscess or tuberculosis are attended 
by considerable risk as are those m febrile 
patients and m cases where more than one 
lobe must be removed The conditions of 
the pleura, the amount of expectoration, and 
the necessity for dramage also influence the 
outcome The prognosis is improved b}’ the 
use of adequate preoperatiie preparation of 
the patient, simple operative procedures with 
as httle trauma as possible, excellent anes- 
thesia, penodic re-expansion of the lung durmg 
the operation, careful closure of the bronchial 
stump, airtight dramage, and careful post- 
operative care In this senes of 63 resections 
of an upper lobe, there was immediate re- 
expansion of the remammg lobes and an im- 
eventful convalescence in 30 cases (47 6 per 
cent) and dela 5 ’ed re-expansion m 33 Among 
the latter, were 15 cases of pleural effusion and 
IS cases of bronchial obstruction There was 
no re-expansion m S cases (11 1 per cent) 
with subsequent serious comphcations There 
were 5 deaths (8 per cent mortahty) These 
results are comparable to those m a senes of 
99 resections of lower lobes performed at the 
same hospital durmg the same penod There 
was immediate re-expansion and prompt re- 
coveiTi’m 41 cases (41 1 per cent) There were 
serious comphcations in 11 cases (11 1 per 
cent) and 5 patients died (5 1 per cent mor- 
taht}^ It thus seems that removal of an 
upper lobe of the lung is about as safe as 
removal of a lower lobe if the proper personnel 
and facihties are available — La lobectomie 
supirieiire, R H Sweet A H LeBngand, Le 
Poumon, January-February, 194S, 4 46 — 
(A T Laird) 
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Bronchial Adenoma — Tlie clinical course 
of bronchial adenoma can be divided into 
three distmct phases (1) Phase of hemopty- 
sis Other symptoms are lacking at this 
time and, because of the bleeding, a mistaken 
diagnosis of tuberculosis is sometimes made 
(2) Phase of bronchial stenosis Recurrent 
attacks of pneumomtis, often associated vith 
pleural effusion, frequently lead again to a 
diagnosis of tuberculosis at this stage (S) 
Phase of suppurative pneumoma and atelecta- 
sis The most important diagnostic procedure 
IS bronchoscopy although some help may be 
derived from roentgenographic studies that 
mclude bronchograms and planograms If 
the patient is seen early, especially m the first 
phase of the illness, removal of the tumor 
through the bronchoscope should be at- 
tempted This is not usually possible m the 
second phase, and m the third phase only 
lobectomy or pneumonectomy is curative 
Other mdications for evcisional surgery are 
the impossibihty of removmg the tumor 
through the bronchoscope, extraordinarily 
great vasculanty of the tumor, and severe 
suppurative disease with bronchiectasis or 
abscess formation distal to the tumor — 
Das KranUicitshild xind die Differential-diag- 
nose des Bronchialadenoms, A Kapperl, 
Schweiz med Wchnschr , January 17, 1948, 
78 26 — (ilf Marcus) 

Tumor Cells In Sputum — The value of 
microscopic exammation of the sputum for 
tumor cells is illustrated by 3 case reports 
All 3 patients were suspected of ha^^ng pul- 
monary tuberculosis but sputum studies 
revealed the correct diagnosis of primary 
pulmonary carcinoma — Apical pulmonary car- 
cinoma and iiiberculosis The value of spuium 
cell study in the differential diagnosis, M 
Bergman, B A Shatz & I J Fiance, J A 
M A, November IS, 1948, 138 798 — {H 
Abeles) 

Bronchial Washings — ^Bronchial washmgs 
according to the technique of Manoel de 
Abreu vere performed on 257 patients 
Demonstration of tubercle bacilli in the speci- 


mens obtained was attempted only by culture 
or guinea pig moculation A comparison 
between the results of gastnc and bionchial 
lavage was earned out on 150 cases with 
roentgenographic changes suspicious for tu- 
berculosis Tlie patients had no expectoration 
or sputa without demonstrable tubercle bacilli 
Bacteriological evidence of tuberculosis was 
found m 47 2 per cent of these cases, m 22 4 
per cent by both gastric and bronchial lavage, 
in 20 per cent by bronchial washmgs only, and 
m 4 8 per cent by gastnc washmgs only In 
107 persons with roentgenographic changes of 
undetermmed origin and sputum vithout 
tubercle bacilh, bronchial washmgs revealed 
the bacilli mtermittently m 41 1 per cent 
Among 90 persons m whom routme roentgeno- 
grams showed apparently fibrotic changes, 35 
per cent had tubercle bacilh demonstrable 
mterrmttently with this method Bronchial 
washmgs are of special mterest m detenmnmg 
the length of pneumothorax treatment and m 
evaluating the results of collapse therapy — 
La rechereche du bacille iuberculeux par le 
lavage puhnonaire, Ch Gemez-Rieux, A Bre- 
ton & A Sevin, Rev de la tuber c , 1948, 12 
748 — (F Leites) 

Sarcoidosis — This case report traces the 
evolution of Boeck’s sarcoid over a period of 
ten years to its termination in miliary tuber- 
culosis A 27 year old male patient v as under 
the super\usion of the tuberculosis control 
division of his home town for ten j^ears 
There was persistent hilar adenopathy demon- 
strable roentgenographically, with a negative 
tuberculin reaction No biopsy was possible 
because of absence of penpheral lymph node 
enlargement During the period of observa- 
tion the patient remamed m good health and 
was able to work He developed miliary 
tuberculosis without menmgitis after ten 
years observation His tuberculm test be- 
came positive and his disease was rapidly 
fatal Autopsy shoved many hematogenous 
tuberculous lesions throughout the inscera 
The paratracheal, paraesophageal and ab- 
dommal Ijunph nodes showed lery extensile 
hjalin changes vith epithehoid cells and 
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gnnt cclh The connect i\e tissue 
wa's CQ dense tint it replaced the nornnl archi- 
tecture of moat hanph node- cntirch \I- 
thoiich there uas fresh ca'-cation in come of 
the nodca at the bifiin ation of the trachea, the 
nodular Inahniration of moat of the Knipli 
nodes nas chanctcnstic of loti" atandini; 
aircoido'^is In addition to Ihc^o findiiif^, 
there nas frc^li tuberculous bpondalitia of the 
eccond dorsal \ ertebm — Morbus Besmer- 
Bocch unt licbcrgang m M\harlubcr} ulo'^c, 
Jenny Midler d. Pt(lra::im, Schicaz tned 
Wchn'^clir , rebntary 1/f, 19',S, 7S 19G — 
(il/ Marcus) 

AvriMicRoniAi TniR^-rv 

Streptomycin Resistance — aeries of 13 
cases of pulmonary tuberculosis nas treated 
n itli streptomj cm The patients ranged from 
15 to 30 years of ago and were suffenng from 
acute progressue bilateral tuberculosis of 
recent origin All had cantios Streptoray - 
cm n as gn en in doses of 0 5 Gm c\ cry si\ 
hours intramuscularly for si\ months to some 
of the group and for four months to the re- 
mainder, the observation period was si\ 
months All the strains of tubercle bacilli 
obtained prior to treatment w ere either half as 
sensitu e to streptomy cm as the control strain 
of H37Rv, twice as sensitive, or equal in 
sensitmty% with one exception The bacilli 
from 12 of the 13 cases showed increased re- 
sistance to streptomv'cin after treatment and 
11 of these strains were 32 or more times as 
resistant as the control strain In most 
cases the resistance of the bacilli increased 
rapidly and then remained about the same 
Tw o-thirds of the patients developed resistant 
bacilh withm 48 days There was a definite 
relation between the clmical progress before 
resistant organisms appeared and the degree 
of resistance that eventually occurred Tlie 
patients domg well in the early stages of 
treatment had bacilh which developed a low 
degree of resistance, while those patients domg 
poorly’^ later produced more highly resistant 
orgamsms The higher the degree of re- 
sistance, the more rapidty it appeared There 


V IS no ‘■igmfiraiit corrchtion between the 
mem di\ that rc-ist mt banlh ippearel or 
the degree of re-e-tanro that developed and 
the ebiiK a! prngre-s of the pd’ent after that 
development Vor was fhoro iiiv demon- 
strable relat'on iittAcen the time ''t which 
resist int struns developM md the general 
condition of the p iticnt o'l laiiiiss’on There 
was no relationship bctweci the degree of 
resistance ind tiie extent of cav it ition Tncre 
arc two po<-ib!o mccliaii’-ms bv which stnins 
of tubercle bacilli rc-i-tant to streptomycin 
might appear in the sputum (1) the entire 
survmng b'-ctenal poinilation migiit become 
gradually adapted to growth m the presence 
of the drug, or (’) the jiaticnt’s population of 
tubercle bacilli before treatment w ith strepto 
my cm might contain organisms with vamng 
degrees of resist mce, the more highly resistant 
being few in number but under tre-’tment 
liav mg an adv antage o\ e*" the sensitiv e strains 
and gradually replacing them — 5tre/itoi lyciii 
resistance in puhnonary tuberculosis, J Crof- 
(on <L D A ^[llchtson, Bnt ^[ J , Dcctiv- 
ber 11, 194S, 4SSS 1009— (B IT ClarU) 

Changes In Meningitis after Streptomycin 
— The pathological observations in 10 chil- 
dren who had been treated with streptomvein 
for tuberculous memngitis are rev lew ed The 
exudative process showed a tendenev to or- 
ganize and form gradualh sclerosing scar 
tissue The proliferative processes, such as 
miliary' tubercles, were encapsulated by' con- 
nective tissue, earlv mihary tubercles were 
transformed into connectiv e tissue Hy alim- 
zation and calcification w ere seen also 
These changes, winch are signs of healing in a 
patliological sense, were the causes of late 
complications such as internal hy'drocephalus 
and obhteratmg endarteritis resultmg in 
encephalomalacia, rare late comphcations 
were tuberculoma and lymphocy'tic encephali- 
tis — Patlwlogisch-ttnatoimsche Befunde bci mit 
Streptomycin behandeltcn Fallen von Meningi- 
tis tubercidosa, H Chian, Wien Uin 
Wchnschr , December SI, 194S, 60 SS7 — 

{G C Lciiier) 
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Therapy of Meningitis in Children — The 
dosage of stieptom3"cm m the treatment of 
tuberculous meningitis in children has been 
modified in an attempt to avoid tlie high 
dosage recommended by Hinshav and Feld- 
man and to improve on the small and only 
moderatelj effects e dosage of Cocclu The 
following schedule has pro\ ed \ ery successful 
first month of treatment, 500 to 1,000 mg of 
streptomj cm dailj’^ mtramuscularl3’' and 1 mg 
per Kg of body weight daily mtrathecally, 
second month, same mtramuscular schedule 
but an intrathecal mjection only every other 
day, third month, same mtramuscular dosage 
with mtrathecal treatment only about twice 
a week depending somewhat on the changes 
in the cerebrospinal fluid At the same time 
1 5 to 3 Gm of Promm is gn en daily mtra- 
\ enously and once a month a massive dose of 
vitamins A and D is administered Early 
diagnosis and early treatment are the most 
important conditions for success Treatment 
of other bacterial forms of memngitis is also 
discussed m this paper — Der heiittge Stand 
der Memngitis-Therapie im Kindesalter, G 
Fancont, Schweiz med Wchnschr , February 
U, 194S, 78 121 —(H Marcus) 

Streptomycin for Tuberculous Pericarditis 
— ^A 17 year old male Negro who had acute 
tuberculous pericarditis with effusion, tuber- 
culosis of the left lower lobe, and tuberculous 
lymphadenitis was treated with streptomycm 
The pericarditis responded very favorably to 
the treatment — Streptomycin in acute tuber- 
culous pericarditis, a case report, H C Mere- 
dith, Jr , Am Heart J , January, 1949, 37 
129 — {G C Leiner) 

Streptomycin for Miliary Tuberculosis — 
Streptomycm has been used to treat children 
with disseminated tuberculosis Of 9 chil- 
dren with miliary pulmonar3’' tuberculosis, 5 
were discharged and are well, 4 are still under 
treatment Of 44 children with tuberculous 
menmgitis, 11 uere discharged and are well, 
5 are ready to be discharged, 12 are still 
under treatment, and 16 have died Of 2 chil- 
dren with miliary peritonitis, one was dis- 


charged and IS well, one is being tieated and is 
improving Of 7 mfants with tuberculosis 
without miliar3'' dissemination, one died but 
6 impro\ ed — Streptomycinbehandlung der mi- 
liaren TuberLulose, 0 Ruzicka, Wien Klin 
Wchnschr , December SI, 194S, 60 840 — 
(G C Leiner) 

Fundi during Streptomycin Therapy — The 
eye-grounds of 42 children w ere examined re- 
peatedly during streptom3cm treatment for 
tuberculous menmgitis or miliary pulmonary 
tuberculosis In more than one-third of the 
cases, changes of the papilla weie obsened, 
m more than one-third, changes of the chorioi- 
dea, multiple miliary tubercles, or solitary 
tubercles, were seen In most cases, there 
was a quick regression of these foci soon after 
treatment with streptomycin was begun In 
cases which showed slow regression of these 
foci, complications and relapses occurred No 
evidence of any toxic effect of streptom3’'cin on 
the optic nerve w as seen — Augenhinter- 
grundsbefunde bei der Streptomyanbehandlung 
der Meningitis tuberculosa unter der miliaren 
Lungentuberlulose, F Meyer, Wien him 
Wchnschr , December 31, 1948, 60 842 — (G 
C Leiner) 

Otolaryngological Tuberculosis — ^A group 
of 20 cases of laryngeal tuberculosis, associ- 
ated with pulmonaiy tuberculosis, w as treated 
with parenteral streptomycm Involvement 
of the epiglottis, aryepiglottic folds, and 
arytenoids was found in 45 per cent of this 
group so that dysphagia and hoarseness were 
predommant symptoms Streptomycm was 
given m a dosage of 2 0 Gm daily for one 
week followed by 1 0 Gm daily for S3 days 
Blood levels frequently were 20 to 40 7 per 
cc of serum during the first week, thereafter 
the levels were between 5 to 10 7 pei cc of 
serum Upon completion of therapy, 14 
showed a “healed larynx,” a fibrotic end stage 
with no evidence of activity, 4 showed an 
“almost healed larynx,” fibrosis, except for a 
small area of mjection or some other slight 
mvolvement, the remaining 2 show ed improve- 
ment An average of 21 da3’-s of treatment 
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^\ns required before subject ne nnd objective 
evidence of improvement was noted It re- 
quired sixteen weeks for licaling to occur Of 
the 20 11 Ind vertigo nt some time 

during treatment Compcnsntion with dim- 
inution or disippeirnncc of vertigo occurred 
in cverj' instance, despite an average age of 
40 7 veirs Streptomjcin should be used for 
moderate or advanced tuberculosis of the 
hrjnx regardless of the status of the lungs 
Nine cases of tuberculous otitis media and 
mastoiditis were treated with streptomjcin 
but no definite conclusions could be drawn 
from this senes Some cases of tuberculous 
otitis media alone were healed bj’ the use of 
streptomjcin In tuberculous mastoiditis, 
surgerj' is still indicated although strepto- 
mjcin IS a valuable adjuvant — Slrcplomycin 
therapy in otolaryngologic tuberculosis, J G 
Gilbert, J S AronojJ d D M Rosen, Quart 
Bull , Sea Fictc Hosp , January, 19/, S, 10 
S—{K T Bird) 

Streptomycin for Tuberculosis — Twenty- 
six patients with far advanced bilateral pul- 
monaiy tuberculosis, whose disease was too 
acute or too ex-tensive for routine collapse 
measures, were treated with streptomj'cm 
In 24 patients sufficient improvement occured 
to permit some form of collapse therapy 
Streptomycin should nev^er be used in a 
therapeutic test or during a period of obser- 
v'ation of a patient for whom other treatment 
maj' be required There is great danger m 
usmg streptomycin too early, since its effec- 
tiveness may be lost at a time it is most 
needed Streptomycm treatment should not 
be mstituted until a definite plan for the 
treatment of the patient has been worked out 
In this group of patients streptomj’-cm was 
used to prepare the patients for collapse 
therapy, that is, as an adjunct and not for 
complete cure — Streptomycin as adjunct in 
treatment of acute pulmonary tuberculosis, E 
R Levine, W S Klein d A Forman, J A 
M A, November IS, 1948, 138 808 — {H 
Abeles) 


Streptomjcin Stomatitis — Severe ■stomati- 
tis was ob=cn cd in 3 patients during the course 
of intramuscular streptomjcin treatment 
Tlic stomatitis disappeared promptlj after 
discontinuance of the streptomvcin treat- 
ment — Stomatitis due to strepiomyan, H 
Beham <t II Perr, J A M .1 , October 
IG, 1948, 138 495— (11 Abeles) 

Penicillin Dust Inhalation — ^An apparatus 
IS described for the use of pemcilhn dust for 
infections of the respiratory tract Three 
hundred nnd fifty seven patients were treated 
wath 100,000 units of penicillin dust one to 
three times a daj Allergic reactions were 
observed in 3 per cent of the patients after 
contact dermatitis was prevented bj cream- 
mg the face Alaximum levels of pemcilhn 
in the blood were obtamed one hour after 
inhalation The best results were seen m 
the treatment of bronchiectasis — Inhalation 
of penicillin dust, L Krasno, M Karp d, 
P S Rhoads, J AM A , October S, 1948, 
138 S44—{H Abeles) 

Laboratory Studies 

Sputum Concentration — A method is de- 
scribed for concentratmg sputum pnor to 
its moculation mto gumea pigs (1) The 
sputum IS hquified bj' mcubation for twentj'- 
four hours The vntalitj’- of the tubercle 
bacilh IS not impaired as it is bj' treatment 
with sodium hj^droxide (2) After dilution 
with ten times its volume of distilled water, 
the sputum is centrifuged (S) The sediment 
IS neutrahzed and 6 drops of pemcilhn G 
(5,000 units per cc ) are added to control con- 
tammation Inoculation is easy with this 
preparation — Homogineisation des crachats 
et centrifugation du bacille de Koch miant en 
vue de Vinoculation au cobaye, F Tison, Ann 
Inst Pasteur, February, 1948, 74 128 — 
(F Lmtes) 

Cultures in Dubos Medium — Dubos hquid 
medium was moculated with suspensions of 
01 to 0 01 mg of bovine or human tubercle 
bacilh Growth was observ^ed as a sediment 
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on and after the fifth day The cultures 
rarelj" produced a homogeneous clouding of 
the fluid No cultures could be obtained by 
inoculatmg the medium Mith organs from tu- 
berculous gmnea pigs — l^ssais de culture de 
BK dan Ic mthcii de Dubos, J Valtis, F van 
Deinsc cL J Solomides, Ann Inst Pastettr, 
February, 1948, 74 434 — (1^ Leites) 

Laboratory Diagnosis of Tuberculosis — No 
certain diagnosis of active tuberculosis can 
be made by roentgenography alone, tubercle 
bacilli must also be recovered from the 
patient’s sputum or body fluids Tubercle 
bacilli can be demonstrated more regularly by 
selectmg caseous flecks in the sputum than 
by concentration methods Small numbers of 
tubercle bacilli can be more readily detected 
by culture than by smear Acid fast sapro- 
phytes cannot be differentiated from virulent 
tubercle bacilli on stained smears, but com- 
petent bactenologists can distmguish, with 
considerable accuracy, pathogemc from non- 
pathogemc acid-fast bacilli on the Lowenstem- 
Jensen egg medium In its present form the 
Dubos Tween-albumm liquid medium is not 
recommended from primary isolation Urme 
and gastnc contents frequently contam non- 
pathogemc acid fast bacteria, for this reason, 
guinea pig moculation should be practiced on 
such specimens — The laboratory diagnosis of 
tuberculosis, M M Cummings, Am J Pub 
Health, March, 1949, 39 361 — {Max B 

Lune) 

Fluorescent Method for Smears — A com- 
parison was made between the results ob- 
tamed with the fluorescent technique of 
Richards and Miller and those obtamed with 
Pottenger’s method for the Ziehl-Neelsen 
staimng of sputum and gastric contents for 
tubercle bacilli Of 280 direct smears of 
sputum stained by the Ziehl-Neelsen method, 
148 (52 8 per cent) were found to contam 
acid-fast bacilh The same number of direct 
smears from the same patients, when stamed 
and exammed by the fluorescent method, 
juelded 154 (55 0 per cent) positive smears 
Concentrates of these 280 sputa 3 uelded 186 


(66 1 per cent) positive smeais by the Ziehl- 
Neelsen metliod and 190 (67 8 per cent) posi- 
tive exammations by the fluorescent method 
In another series of 514 sputum concentrates, 
347 (67 5 per cent) u ere found to be positive 
by tlie Ziehl-Neelsen method and 354 (68 4 
per cent) by the fluorescent techmque Of 
210 gastric concentrates, 89 (42 3 per cent) 
were positive by the Ziehl-Neelsen method and 
108 (51 9 per cent) were positive by the 
fluorescent method These figures show a 
higher percentage of positive exammations 
with the fluorescent teclmique However, 
there are certam disadvantages to the use of 
this method Por best results a dark room is 
preferable There are orgamsms other than 
M tuberculosis which give fluorescence Of 
25 gastnc concentrates found positive only by 
the fluorescent method, 11 were confirmed by 
gumea pig inoculation This discrepancy is 
probably due to the presence of avirulent or 
nonviable tubercle baciUi or saprophytic acid- 
fast bacilli in the gastric contents and sputum 
The possibihty of finding acid-fast saprophytic 
bacilh IS even greater m stools and urme In 
addition, the hkelihood of error in diagnosis 
IS mcreased by any particles which have re- 
tained the auramine dye and so may be mis- 
taken for bacteria Of 63 samples of gastric 
contents m winch one to three bacilli per 
shde were found after a careful search, 59 were 
positive when tested by moculation It may 
therefore be concluded that positive results 
obtamed by the Ziehl-Neelsen method are of 
greater value than tliose obtamed by the 
fluorescent techmque and correlate better 
with the chmcal condition of the patient 
On the other hand, negative results by the 
fluorescent method are of great value The 
results with this method may be improved by 
refinements m techmque — La microscopia 
fluorescente en la iniesiigacion del mico bac- 
terium-tuberculosis, A Gdmez Munel, Rev 
mex de iuberc , May-June, 1948, 9 81 — 
(F Pirez-Pina) 

Effect of Chick Embryo Extract on Tubercle 
Bacilli — It has recentlj’’ been shown that the 
minced tissue of chick embrj'os facilitates the 



10 


AnsmACTs 


glow til of tubercle bncilli in s^'iillietic inedn 
The i)ic«ent publicntion da^cribes the cfTect 
of tliib extrict on (he nte of growth, morpli- 
oIog\ and \ iriilence of tubercle bicilli ciil- 
ti\ rted in the media recentlj’ dc\ eloped by 
Dubos and Middlcbrook Tiie extract (CEE) 
was made from 11 day old cluck embr\os and 
most of the experiments were carried out with 
human stiains of tubercle bacilli, II37Ra 
(axirulent) and H37R\ (virulent) From 
0 o to 1 0 per cent of CEE dcfimtel}' onlinnced 
the giowth of tubercle bacilli in the base 
medium to which oleic acid had been added 
It was also noted that the maximum jield of 
bacillarj' growth was reached earlier with the 
extract than without Tiic addition of CEE 
to the oleic acid medium caused the bacilli to 
organize tliemsoh es in serpentine cords w Inch 
w ere longer and more dense than those formed 
m the absence of the extract The aviruient 
variants normallj giow in irregular clumps 
A moic staking eflect was obser^ed when 
Tween SO was added to the base medium 
Tlie lipase present in CEE dcstrojed the 
Tween SO and prexented the latter from in- 
hibiting cord formation w hen xanilent strains 
of bacilli w'ere used Tlus unspecific effect 
was fundamentally different from the one 
obtained when oleic acid was employed 
Inoculation experiments with Swiss albino 
mice seem to mdicate that the virulence of 
H37Rv was slightly increased following cul- 
tivation on a medium containing CEE 
However, the extract did not confer virulence 
on the axirulent x^ariant Extracts prepared 
from rabbit testicles, from mouse brain, liver 
and spleen, from leukocytes of man and rab- 
bits, gumea pigs and mice, and from egg 
yolk failed to show any effect on cord forma- 
tion although they had some enliancmg effect 
on the growth rate of tubercle bacilli — 
The effect of ehick embri/o extract on Vtc growth 
and morphology of tubercle bacilli, Hubert 
Bloch, J Exper Med , September 1, 19JfS, S8 
355— {J S Woolley) 

Sphingomyelin and Growth of Tubercle 
Bacilli — In addition to certain long chain 
fatty acids available as Tween 60, Tween SO, 


ct cetera, there exist other lipids, of tissue 
origin, which haxc been ‘•hown to enhance the 
growth of tubercle bacilli TJic growtli-pro- 
moting effect of xarious sphingomjclins, ccrc- 
brons and plircnosin was studied by adding 
(hem to a ba^al asparagine medium similar to 
the aiitlior’s original medium Their effect 
on the growth of «mall numbers of tubercle 
bacilli (H37Rx) was studied when thenonionic 
wetting agent Triton \.20 was used instead of 
Tween SO The former is a he.it-sfable aryl- 
alkjl poly ether of phenol which di^per'Cs the 
cultiir&s xxithout increasing the growth Alt 
the preparations of sphingomyelin from kid- 
ney, lixcr, brain and lung proxed almost as 
cffcctixc as scrum albumin m enhancing the 
yield of bacilli Tiie cerebrosides and the 
phrenosin, on (he other hand, decreased the 
ability’ of the medium to support the growth 
of small mocula Tlie wetting agent Triton 
A20 increased the yield through its dispersing 
effect on the lipids The neutralizing effect 
of sphingomyelin on the toxicity of long chain 
fatty acids was similar to that of serum al- 
bumin Sphingomyelin is a diammophos- 
pholipid m which lignocenc acid is combined 
m amide linLigc with the base splimgosme, 
phosphocholine being cstenfied to the latter 
Lingoceric acid and its amide also enhanced 
grow th , sphingosine did not Sphingomy’ehn, 
like serum albumin, protects the bacilli 
against the toxic effects of long chain fatty’ 
acids and also supplies a w ater-dispersible 
source of lignocenc acid which is ax’ailable 
for metabolic utilization — The effect of sphin- 
gomyelin on the growth of tubercle bacilli, R J 
Dubos, J Exper Med , July 1, 194S, 88 73 — 
(/ <S Woolley) 

Wetting Agents and Growth of Tubercle 
Bacilli — It is possible to obtain finely dis- 
persed, submerged growth of tubercle bacilli 
by adding to the medium certain noniomc 
wetting agents Tlie poly’oxy’ethylene esters 
of oleic acid (Tw een SO, Tw een 40, et cetera) 
hax’e proved especially effectix’e m this lespect 
Unfortunately’, the ester linkage in these 
wetting agents is susceptible to enzymatic 
hydroly’sis by’ lipases, a fact which prohibits 
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their use in media containing animal tissues 
or fluid rich in these enzjTnes T\fliat is 
needed is a n etting agent capable of promot- 
ing dispersed growth of tubercle bacilli yet 
stable in the presence of animal tissues 
Triton A20, an arylalkyl polj’-ether of phenol, 
in some respects fulfills these requirements 
and experiments are repoited m which this 
agent is compared with the most used of the 
oleic acid esters, namely, Tween SO Triton 
A20 IS miscible in all propoitions with water 
and can be handled like Tween SO in the 
prepaiation of liquid and agar media By 
adding various amounts of Tween SO or 
Triton A20 to a basal medium contaimng 
ammo acids, buffer salts and crystalline bonne 
serum albumm, the effect of these wetting 
agents on the growth of virulent and avirulent 
tubercle bacilli could be readily studied 
Also the influence of blood serum on the 
growth-dispersing effect of these agents was 
observed and finally their combmation with 
either oleic acid, sphmgomyelin or crystalline 
serum albumin w as investigated The follow- 
ing results were noted Tween SO loses its 
ability to disperse cultures of tubercle bacilli 
in media contaimng serum, Tiiton A20 does 
not Tween 80 mcreases the jaeld of growth, 
probably by supplying oleic acid to the bacilli, 
Triton A20 does not In concentrations 
sufficient to cause dispersed growth. Tween 80 
(purified by removal of unesterified fatty 
acid) and Triton A20 are completely in- 
nocuous to virulent tubercle bacilli Triton 
A20, however, exhibits a marked toxic effect 
on the avirulent variants of mammalian 
strains The two wetting agents also differ 
in then- effects on the morphological aspects of 
the bacterial cultures Although Triton A20 
prevents the formation of large amorphous 
bacillary clumps, it is less effective than 
Tw'een 80 in preventing the formation of long 
bacillary strands With Tween 80 these coids 
of bacilh are not formed, resultmg in a better 
dispersion of the bacilli — The effect of netting 
agents on the groioth of tubercle hacdh, R J 
Dubos & G Middlebrool, J Evper Med, 
July 1, 194s, 88 81 — (/ S Woolley) 


Tuberculous Droplet Infection in Rabbits 
II — The fate of tubercle bacilli inhaled aftei 
tuberculosis aheadj’- had been established 
by dioplet infection has been studied to de- 
termme the effects of developing resistance in 
infected animals At intervals of two to 
eleven weeks after normal rabbits had inhaled 
small numbers of virulent bovine tubercle 
bacilli m droplet nuclei, groups of these am- 
mals received another single exposuie duiing 
which each ammal inhaled about 20,000 sep- 
arated bacilli Noimal contiol rabbits re- 
ceiving this dose died within four weeks 
Rabbits reinfected within four w'eeks of the 
initial exposure seemed to be about as suscep- 
tible to further implantation of separated or- 
ganisms as were normal animals However, 
remfection tubercles always contamed far 
smaller numbers of bacilli than imtial tubercles 
of the same age This difference was present 
even in animals re-exposed at tw'o weeks 
Wflien reinfection w as delayed five weeks, how- 
evei, the bacilli of reinfection did not grow 
sufficiently in most anmials to mduce new' 
tubeicles in the lungs It is suggested that 
after five weeks many rabbits become im- 
mune to reinfection although, m a few', ex- 
posure to massive reinfection seemed to stimu- 
late the progress of the mitial infection It is 
possible that such remfection so saturated the 
defense mechamsm of some anmials that, 
although the bacilli of remfection were de- 
stroyed, those m the initial focus increased 
more rapidly than would be expected It is 
also possible that a sensitization reaction may 
have been present The basic effect of the 
acquired lesistance of rabbits to tubercle 
bacilli in these experiments seems to be an 
mliibition of the multiplication of the bacilli 
Tuberculosis of rabbits induced by droplet 
nuclei infection II Response to reinfection, 
H L Ratcliffe W F Wells, J Exper 
Med, June, 1948, 87 585— (J S Woolley) 

Tuberculoproteins II — Preparations ob- 
tained from unheated culture filtrates of 
tubercle bacilli were sufficiently distinctive 
according to their sedimentation and diffusion 
diagrams to w arrant an investigation of their 
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serological identities Onlj’' tno serologicnll}’’ 
difieient proteins \sere found in these un- 
belted filtr''tes One of them was the pro- 
tein which had a sedimentation constant of 
3 4 S and tlie other was in filtrate fractions 
witli a constant of 2 S The material ginng 
the higher rate was practically homogeneous 
antigemcalb' and w'as in a fraction precipi- 
tated by one-quarter saturated ammonium 
sulphate at pH 4 4 The fractions obtained 
b 3 ’' full saturation contained onlj’’ the second 
antigemc entity, fractions obtained by one- 
half and three-quarters saturation appeared 
to be mixtures of the two That these pro- 
teins were distinct was demonstrated by 
three methods quantitative precipitin and 
precipitin absorption tests with rabbit anti- 
sera, shm tests m guinea pigs activel}' sensi- 
tized with the culture filtrate fractions, and 
skm tests in passively sensitized gumea pigs 
In the guinea pigs sensitized with the first of 
the two proteins the sensitization was agamst 
only the homologous fraction All fractions 
proved active for tuberculm-sensitive human 
bemgs or tuberculous gumea pigs A third 
antigen of unknown nature was found by 
means of the precipitm test but onlj'- in cer- 
tain fractions from the virulent culture filtrate 
The protem wuth tlie constant 34 S could 
not be demonstrated serologically in an 
Old Tuberculm made from the same culture 
filtrate as the unheated preparation from the 
TOulent orgamsm — The proteins in iinhcated 
culture filtrates of human tubercle bacilli II 
Determination of serological properties, J R 
McCarter d. E B Bemlacqua, J Exper 
Med , March, 1948, 87 Z45 — (J iS Woolley) 

Complement Fixation in Psittacosis — The 
serum complement fixation reaction, sup- 
plemented bj’- clinical and epidemiologic data, 
furnished the basis for a diagnosis of psitta- 
cosis in 21 cases, m none of which was the dis- 
ease fatal A fourfold or greater nse in anti- 
bodj’’ titer durmg the course of the illness 
occurred in the serum of 9 persons, from one of 
whom psittacosis virus was isolated Serum 
from 12 persons had a significant titer (1 to 32} 
when it was first secured ten daj's or later after 


the onset of the disease All the patients had 
mamfested tlie chmeal characteristics of the 
disease However, pulmonary lesions were 
not demonstrated bv roentgenograms of the 
chest in 4 of 16 persons examined All tlie 
patients reported intimate contact with birds, 
chiefi 3 pet parakeets and pigeons The serum 
complement fixation reaction became positive 
about the seventli to the tentli da 3 '- of the 
disease, achiev ed a maximum titer about tlie 
fifteenth to the tliirtieth da 3 and persisted, 
though in low titer, as long as the serum was 
tested — Complement fixation reactions in psit- 
tacosis, D J Dans, Arch Int Med, May, 
1948, 81 623— (G C Leiner) 

Humidity and Air-bome Bactena — An un- 
derstandmg of the influence of atmospheric 
conditions on the vuability of air-bome imcro- 
orgamsms is essential to an 3 ’’ attempt to 
formulate the epidemiolog 3 ’' of air-borne infec- 
tions In tlie present study bacterial sus- 
pensions were atomized into an axperimental 
chamber under controlled conditions of tem- 
perature and relative humidit 3 The most 
striking fact revealed hy these tests was the 
demonstration of the existence of a narrow 
range of relative humidity, m the vicimt 3 of 
50 per cent, which is rapidty lethal for micro- 
orgamsms freslilv sprayed into the atmosphere 
from a broth suspension The ultimate ex- 
tent of dehydration depends on the relative 
humidity, smee the droplet ev^entualty comes 
into a condition of equilibrium with the atmos- 
phere The viability of pneumococcus, Tyiie 
I, sprayed into the atmosphere from a liquid 
suspension w as measured as a function of the 
relativ e humidity When broth, saliv a, or 0 5 
per cent salme solution was employ-ed as the 
suspending medium, a very high mortality 
rate was observed at relativ'e humidities in 
the vacimty of 50 per cent However, at 
huimdities abov e or below this value the micro| 
organisms survaved for long periods Meas- 
urement of the rate of settlmg of droplets 
employed m these axperiments demonstrated 
that the disappearance of micioorgamsms 
from the air is a true lethal process rather than 
a mamfestation of aerosol collision processes 
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When a salme-free fluid was used however, the 
sharp peak in death rate at intermediate 
relative humidities disappeared The lethal 
effect of mtermediate relative hunudities on 
pneumococci atomized from a sahne-contain- 
mg suspension was mcreased when the particle 
size of the atomized droplets was mcreased or 
when the temperature was raised Cultures 
of group C hemolytic streptococcus and 
staphjdococcus sprayed from a broth medium 
exhibited the same general survival pattern as 
a function of relative humidity although the 
mortahty rates were smaller than that of the 
pneumococcus These effects can be ex- 
plamed by ass uming the existence of a critical 
degree of cellular dehydration at which micro- 
organisms become much more sensitive to 
toMC agents than in states where either more 
or less water is bound to the cell — The lethal 
effect of relative humidities on air-bome bac- 
teria, E W DunUin & T T Pitch, J Exper 
Med, February 1, 1948, 87 87 — (/ S 
Woolley) 

Humidity and Influenza Virus — ^To study 
the effect of air moisture on the infectivity of 
influenza virus, white mice were exposed to 
atmospheres contaming known amounts of 
atomized influenza A nrus (PRS strain) of 
constant potency under conditions of varying 
humidity It was found that an amount of 
atomized virus suspension which produced a 
100 per cent mortality rate m animals ex- 
posed at 30 and SO per cent relative humidity, 
respectively, resulted in the death of only 22 5 
per cent of mice at a humidity of 50 per cent 
The humidities betueen these values gaxe 
intermediate results The infectivity of the 
air-borne virus decreased so rapidly at a 
humidity of 50 per cent that it u as impossible 
to secure a 100 per cent mortality rate in the 
exposed mice even by greatly mcreasing the 
dose of virus atomized The use of a dialy zed 
\nrus suspension at a humidity of 50 per cent 
resulted m the death of all exposed mice Tlus 
suggested that the deleterious influence of 
humiditj’’ V as related to the presence of 
sodium chloiide in the atomized suspension 
These findmgs with influenza virus closely 


resembled those obtamed by Dunklin and 
Puck with pneumococci, streptococci, and 
staphylococci which would suggest that the 
factor responsible for the lethal effect of 
humidity is common to moist particles con- 
taimng either the above mentioned bacteria 
or influenza A virus — The influence of rela- 
tive humidity on the infectivity of air-bome 
influenza A virus (PR8 strain), W Lester, Jr , 
J Exper Med , September 1, 1948, 88 361 — 
(/ S Woolley) 

Pulmonary Edema due to Epinephrine — 
The mtravenous injection of epmephrme in- 
creases the central action of neurotropic sub- 
stances at least fivefold and m the course of 
such mjections many rabbits develop severe 
dyspnea This is followed by pulmonary 
edema with pink foam and flmd pouring from 
the nostrils and mouth, convulsive strugglmg 
and death Pulmonary edema can be pro- 
duced regularly by mjectmg 5 cc of water or 
physiological salme solution with the epmeph- 
rme, without the additional flmd, pulmonary 
edema occurs only sporadically Combm- 
mg the epmephrme with depressants like al- 
cohol or paraldehyde prevents the develop- 
ment of pulmonary edema Angiocardiog- 
raphy was used to study the pathogenesis of 
this epmephrme pulmonary edema by inject- 
ing first epmephrme and then thoratrast mto 
the ear vem of rabbits Radiographs taken 
immediately after the mjections revealed the 
jugular vems filled to capacity with the opaque 
matenal The dilated vems could be follow ed 
to the right auricle and 40 seconds after the 
mjection no opaque dye was nsible m the left 
heart or aorta Because of the mcreased pres- 
sure m the pulmonary circulation and the right 
heart, the mjected dye took the route of least 
resistance and spread backwards mto the pe- 
ripheral tnbutaries of the jugular % ems m the 
head No trace of the opaque dye could be 
seen m the radiographs of the control rabbits 
Experimental obseri ations mdicate that a sen- 
sitized heart may respond abnormally to small 
amounts of epmephnne Although large 
doses are required to produce left ventncular 
failure and pulmonary edema m normal am- 
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mals, small amounts of epmephrme or smular 
pressor substances may sigmficantly afi:ect a 
senously weakened left ventricle m man — 
Angiocardiographic experiments on the patho- 
genesis of adrenalin pulmonary edema in rab- 
bits, A Elkeles, Bnt J Radiol , September, 
1948,21 479 —-(L Hyde) 

Blood Pressure and Respiration — By 
means of the cardiac catheterization techmque 
and a Hamilton manometer, pressure tracmgs 
were obtamed from the right auricle and 
ventricle of 4 normal subjects, of 6 patients 
with chrome pulmonary disease, and of 4 pa- 
tients with auricular fibrillation and heart 
failure A study was made of the influence 
of respiration on the mtracardiac pressures 
In normal subjects the average maximum pres- 
sure m the auricle was 22 5 mm of water 
durmg expiration and 7 5 mm of water dur- 
mg inspiration, the average minimum pressure 
was 6 0 mm of water durmg expnation and 
mmus 10 mm of water durmg mspiration 
The average systolic blood pressure m the 
right ventricle was 27 25 mm of mercurj’- 
durmg expiration and 22 25 mm of mercury 
during inspiration, the average diastohe 
pressure was 5 75 mm of mercurj^ during 
expiration and minus 0 5 mm of mercurj’’ dur- 
mg inspiiation In patients with chrome 
pulmonary disease m the absence of heart 
failure, only the right ventricular systolic 
pressure vas elevated Systohe pressure in 
the right auricle and diastohe pressure m the 
right ventncle v ere normal In patients with 
chronic pulmonar 3 ’' disease m the presence of 
heait failure, both s 3 'stohc and diastohe right 
ventricular pressures were elevated Au- 
riculai pressures were also elevated because of 
the hmdrance of auncular empt 3 Tng which 
resulted from the increased diastohe ven- 
tricular pressure In normal subjects and m 
patients watli chrome pulmonar 3 disease, with 
or without heart failure, mtra-auricular and 
intrai entricular pressures were lower during 
inspiration and higher during expiration The 
respirator 3 aariations of mtra-auncular pres- 
sure are ascribed to (1) aanations in the 
intrapleural pressure and (5) action of the 


elastic fibers of the lungs which, durmg m- 
spiration, distend the auricular walls The 
respiratory variations of mtraventricular pres- 
sure are ascribed to (i) variations m the 
intrapleural pressure and (9) decreased periph- 
eral resistance m the pulmonary circmt 
during inspiration In patients with heart 
failure and auricular fibrillation, maximum 
and minimum pressures m the right auricle 
and right ventricle were abnormally elevated 
and did not change durmg respiration The 
lack of respuatory variation m the pressures 
m the right auricle and m the right ventricle 
IS ascribed to repletion and distention of the 
right auricle and to pulmonar 3 '- stasis, respec- 
tively (Authors’ Summary ) — Intracardtac 
blood pressure in human subjects and its rela- 
tion to the respiratory phases, A Battro, H 
Bidoggia, E Pietrafesa d, F E Labourt, Am 
Heart J , January, 1949, 37 11 — {G C 
Leiner) 

Artificial Respiration — ^Artificial respua- 
tion was produced in the cat, dog, monkey and 
rabbit by electneal stimulation of one or both 
phremc nerves Adequate mmute volumes of 
respiration, arterial blood oxygenation and 
ehmmation of carbon dioxide were achieved 
m the absence of spontaneous respiration by 
submaximal stunulation of one phremc nerve 
A severalfold increase in ventilation was seen 
wuth bilateral pliremc nerve stimulation 
Tidal volume, mmute volume and, therefore, 
aitenal oxygen and carbon dioxide tensions, 
can be regulated by adjustment of the peak 
\oltage used for the stimulation Artificial 
respiration w as maintamed as long as twenty- 
two hours — Eleclrophrenic respiration, S J 
Sarnoff, Esther Hardenbergh A J L Whil- 
tenberger, Am J Physiol , October 9, 1948, 
ISS 1 — {G C Leiner) 

Pulmonary Capillary Pressure — ^A venous 
catheter was mtioduced into the pulmonary 
arteiy of dogs and wedged mto a distal 
ramification so as to obstruct its lumen Pres- 
sures beyond the point of obstruction were 
recorded through a hole m the tip of the 
catheter with a Haimlton manometer and with 
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a saline column An artenal catheter was 
mtroduced by way of the carotid artery and 
left side of tlie heart mto a pulmonary vein m 
similar fashion and pressures were similarly 
recorded In dogs, the pressures recorded 
with a Hamilton manometer through the 
catlieter blockmg the pulmonary artery varied 
between 5 and 8 with an average of 6 mm of 
mercury while those measured simultaneously 
through the catheter blockmg the pulmonary 
vem vaned between 6 and 14 with an average 
of 10 mm of mercury The former is prob- 
ably lower tlian true pulmonary capillary 
pressure by the “velocity factor” and the 
latter too high by the same factor It is sug- 
gested that the true mean capillary pressure 
with unobstructed flow normally lies beta een 
these two figures, the average m 6 animals 
varymg from 5 5 to 10 mm of mercury with 
an average of 8 3 mm of mercury It is con- 
sidered that damage to the left side of the 
heart from arterial catheterization prohibits 
its use m man (Authors’ Summary) — 
Pulmonary capillary pressure in animals 
estimated hy venous and artenal cathenzation, 
E K Hellems, Florence W Haynes, L 
Dexter d Th D Kinney, Am J Physiol, 
October, 1948, 55 99 — (G C Leiner) 

Joint Reflexes and Respiration — ^Passive 
flexion of the hmd hmbs of cats and dogs is 
accompamed by variable changes in rate and 
depth of respiration These changes do not 
appear to result from the stimulation of recep- 
tors m the knee jomt Other types of stimuh, 
mcludmg those secondarily mduced by the 
flexion, such as movements of the trunk, were 
as effective m stimulatmg respiration Simi- 
lar changes occurred m dogs whose knee jomts 
had been partially denervated Electric 
stimulation of nerves to the knee jomt was 
effective only at mtensities great enough to 
activate slower conductmg fibers, resultmg m 
what appeared to be pam hyperpnea It is 
concluded that, under the conditions of anes- 
thesia used, jomt reflexes do not play a sigmfi- 
cant role m the production of the respiratory 
changes durmg passive flexion It is also con- 
cluded that there is no satisfactory evidence 


wluch indicates that limb reflexes are impor- 
tant m the regulation of respiration durmg; 
exercise m man (Authors’ summary) — 
Joint reflexes and regulation of respiration dur- 
ing exercise, E Gardner d J Jacobs, Am J 
Physiol , June, 1948, 153 567 — (G C Leiner) 

Public Health and Epidemiologt 

Prevention of Tuberculosis — Dr Wyndham 
E B Lloyd, tuberculosis officer for South 
Devon, has emphasized recently that tuber- 
culosis IS not only a disease but a social and 
economic problem To prevent infection the 
first step IS to discover the individuals who 
harbor the disease When the patients have 
been found, they must be treated and educated 
so that they are no longer a danger to others 
This IS especially true smce the mam leservoir 
of infection is the person whose sputum con- 
tains tubercle bacilli but who does not know or 
care, one of the most common is themiddle- 
aged person who has been diagnosed as havmg 
“bronchitis ” To prevent the spread of 
tuberculosis through milk, all dairy herds 
should be tubercuhn-tested and, if the herds 
are untested, milk should be heat-treated 
Smce the establishment of the National Health 
Insurance Service m 1911, patients m the 
British Isles are sent by their own doctors to 
tuberculosis officers Contacts then are called 
m for exammation Mass immature roent- 
genography IS now also available Too much 
stress cannot be laid on environment in the 
prevention of tuberculosis The important 
factors include adequate housing, water sup- 
ply, proper ventilation, and absence of over- 
crowdmg Children must have sufficient diet 
and “there must be freedom from want, from 
fear, and from insecurity ” Nothing is 
gained by sendmg a patient from a sanatorium 
back to overcrowded slum conditions At 
first sight, the results of the work done m com- 
bating tuberculosis seem very unsatisfactorj' 
Infections seem to be mcreasmg, the total 
number of cases of the disease is greater, the 
waitmg fists for sanatoriums aie long How- 
ever, notifications are no indication of the 
increase of the disease, for the more the search. 



16 


ABSTRACTS 


the greater the number of cases that tviII be 
found Between 1914 and 1943 the crude 
death rate for pulmonary tuberculosis has been 
reduced by 50% What is most needed, 
Doctor Lloyd concluded, is an enhghtened 
pubhc — Prevention of tuberculosis Entnron- 
■mented factors (Editorial), Brit M J , No- 
vember IS, 194 s, 4584 870 — (R W Clarke) 

Photofluorography — ^Expenence m Zurich, 
Switzerland, shows that a case finding program 
by means of photofluorography is not only 
financially possible but profitable Of 16,585 
adults exammed, 74 per cent were normal, 
19 9 per cent had unimportant abnormahties 
and 6 1 per cent were judged to be m need of 
further mvestigation Of these, 1 56 per cent 
needed either supervision or treatment for 


tuberculosis, 0 76 of the 1 56 per cent were 
prexnously unrecognized Prenousl}'- un- 
recognized infectious tuberculosis was present 
m 0 16 per cent The authors calculate that 
the mitial cost of the program and the opera- 
tive expenses over two years (1945 and 1946) 
have already been saved the public if one as- 
sumes that each of the 24 mfectious individuals 
discovered would be responsible for 3 or 4 new 
cases if allowed to go undetected This pro- 
gram should prove even more profitable as the 
mitial cost of the equipment is distributed over 
more than a two year penod — Abkldrung- 
sergebnisse und Wirtschaftlichkeit des Schtrm- 
bildveifahrens in der Stadt Zurich, H 0 
PfisterduW Schwarz, Schweiz med Wchnschr , 
January SI, 194 s, 78 87 — (H Marcus) 


SIMPLE TESTS OF VENTILATORY FUNCTION FOR USE IN THE 
SANATORIUM OR CLINIC^ = 

FREDERICK C WARRING, JR 

(Received for publication March 1, 1949) 

INTRODUCTION 

About seven yeais ago a senes of tallcs and aiticles on bionchospiiometry 
(1, 2, 3, 4) aioused videspiead mteiest m tins counti}^ m the subject of pul- 
monaiy function Aftei an initial v ave of enthusiasm, many chest physicians and 
thoiacic suigeons abandoned thoughts of utilizing functional tests because they 
thought that the necessaiy appaiatus Avas too complicated and expensive, de- 
tailed IviioAA ledge of pulmonaiy physiologj'- AA'as needed to execute and under- 
stand the pioceduies, and the peifonnance of the tests Avould be too consuming of 
then time Consequentlj^, at the piesent time detailed respnatoiy studies are 
being earned on in a A-eij^ feiA centers, but none are being done m a majonty of 
institutions 01 bymostpiactitioneis Itisnot generalh’- appreciated that there are 
some simple, practical tests of pulmonarj’- function Avluch can give much needed 
information concerning manj’- patients AAith loAveied bieathmg leserve These 
tests can be peitoimed by any clinician oi surgeon AAnthout expeit Icnowledge of 
pulmonaiy plysiology, and requiie the use of uncomplicated, inexpensive appa- 
iatus foi only a fBAA" houis each month 

With suggestions and encouiagement fiom Dr George Wiight of Trudeau, 
NeAA Yoik, a piogiam of simple, piactical tests of Ai-entilation aars initiated at 
Lauiel Heights m 1942 In the past six j'-eais, 1,150 studies have been perfoimed 
on 410 patients It is obAuous that simple tests of Amntilation alone are inadequate 
if the objectiAm is exhaustive study of pulmonaiy physiology Nevertheless these 
simple tests haAm been of gieat practical Amlue m the management of patients 
They haAm sen’^ed to detect the presence oi imminence of dyspnea and to predict 
and folloAv the effect of collapse therapy AAith a degree of accurac}'- Avhich is 
generally quite adequate foi clinical puiposes To say the least, such tests have 
led to conclusions legaidmg function Avhich liaAm pioved far more reliable than 
those deiiA ed fiom “chnical jugment” and study of chest loentgenograms 

The purpose of this paper is to describe the appaiatus and the method used m 
performing these A'^entilatoiy tests, to shoA\ illustrations of their apphcation, and 
to levieAV the end results of function in a gioup of cases after operation 

The appaiatus (figure 1) consists of a 100 liter Douglas Bag, a high velocity 
one-Avay AmDe, connecting hose and couplings, a nosechp, a converted gas 
meter, and a stopAAatch This entire equipment can be purchased for about tAvo 
hundred dollars 

1 Fiom the Liuiel Heights State Tuberculosis Sanatoiium, Shelton, Connecticut 
= Piesented befoie the Fall hleeting of the Eastern Section of the American Trudeau 
Society at the Rutland State Sanatorium, Rutland, hlassachusetts, on October 15, 1948 
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JIETHOD 


Foui paits compnse this method of eimluation of a patient’s a entihtoij' func 
tion 


(a) the Aialking A^entilation, 

(b) the maximum bieathmg capacit3 , 

walking A’entilation 

(c) the latio ^ ~ 

maximum bieathmg capacit5’- 


and its lelationship to dyspnea 


and 

(d) caieful fiuoi oscop}’' of the chest 



Fig 1 (Left) The ippantus a 100 litei Dougins Bng, high ^elociti one m u i live, 
connecting hose nnd couplings, noseclip, converted gns nietci nnd stopv itch 
Fig 2 (Right) Peifoiming the nnlKiiig leiitilntioii test 

The Walking T cntilalwn (IF T’ ) 

The AAalkmg Aeutilation test is peifoimed bj”- haAing the patient walk slowlj 
on a lei'el suiface, bieathmg as easilj' and natuialh" as possible tlnongh the one- 
waA lahe into the Douglas Bag The pace is ISO feet pei inmutc The lest is 
stalled bj' applying the noseclip to the patient Then the patient meieh walks 
foi one minute beside the opeiatoi, A\ho, duiing this initial peiiod, ciiiies both 
the Douglas Bag and the a ah e This one minute “n aim-up petiod” is to f iniil- 
laiize the patient AAith the pace and to bung Ins late and depth of ijieatlimg to 
the AAalkmg IcAcl HaAing done this, the patient and the opeiatoi continue to 
Avalk It the same pace, the patient is instracted to place the mouthpiece of the 
\alAC into his mouth, and the opeiatoi lesets his stopAAatch As he aa ilks foi 
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the next thiee minutes, the patient bieathes in a natuial mannei thiough the 
valve into the Douglas Bag, which is earned bj’’ the opeiator (figuie 2) Exacth^ 
at the end of thiee minutes the valve is taken fiom the patient’s mouth, the 
connecting hose to the bag is piomptly clamped off, and the noseclip is lemoved 
The patient is immediatety questioned about the presence and degiee of dyspnea 
The ail in the Douglas Bag is measuied by lunning it thiough a gas metei cali- 
brated in hteis The lesultmg figure, divided b}' thiee, gives the vallcmg ven- 
tilation in hteis pel minute 

Values for the walking ventilation test Ami 3 ’’ from 7 to 30 hteis per minute in 
diffeient patients Most patients haAm a AA'alkmg Amntilatiou m the lange of 12 
to 19 hteis pel minute Of impoitance ts the fad that in the great majority of pa- 
tients the walking ventilation lemains remaikahhj constant Foi example, a patient 
AAoth a AA alkmg A’-entilation of 14 liters pei minute can be expected to haAm a 
AAmlkmg A’entilation at or neai 14 hteis pei minute befoie and aftei spiead of 
disease, befoie and aftei dealing of disease, and befoie and aftei collapse tlieiap}’’ 

Some othei details of the Avalkmg A'-entilation test should be mentioned While 
the test IS being peifonned, a check on the distance coAmied at 15 second mteiAmls 
aids m maintaining an even pace The patient is lepeatedl}" instiucted to “bieath 
easil 3 '', just as 3 ’’ou do AAdien 5^11 Avalk on the A\aid ” Occasional!}’- an appiehensive 
patient aauII give an initial aitificall}'- high A’-alue foi his aa alkmg A’entilation If 
this is suspected, 01 if the patient has a AA'allving A’-entilation of 20 hteis 01 moie 
on the fiist test, it should be repeated a second 01 thud time the same da}’ or 
latei to detemime the tiue level 

Degiee of dyspnea at the conclusion of the Aiallang test is lecoided as 
none 

slight (aAvaie of laboied bieathing, but not uncomfortable) 
modeiate (uncomf 01 table, but could continue aa alkmg), or 
seA’ere (could not continue AA’alkmg 01 did not complete the test) 

Diyness of the throat should not be confused A\ith slight d}spnea 

The Maximwn BicatJung Capacity {M B C) 

The maximum bieathing capacitA’ is deteimmed by liaAing the patient breath 
as haid md as fast as he can foi exactly 30 seconds thiough the high Aelocit} 
one-A\a} A’^ab’e into the Douglas Bag (figuie 3) The an m the bag mea‘=uied 
by passing it thiough the gas metci The ie«ultmg lalue, multiplied Iia' two, 
giA es the maximum bieithmg capacit}’- m hteis pei minute V healtliA' male has 
1 maximum bieathing capacit} of about 150 hteis pci minute md a hciltln* 
female, a maximum bieathing capacitA of ibout 100 liteis pei minute Aha 
disease oi condition which impaiis the function of the pulmonan piicnclnmi, 
the pleuiac, the iibs, the diaphiagm, thebionchi, or un tombination of tlic^’e 
Rac an Atomic il components of the chest, piopoition iteh reduces the miximum 
bieathing capicitA 

Cueful efloit i^madc to get the patient to put foith his be«t effort aaIicii doing 
the maximum bieathing capacitA ^lost patients peifonn be-t in a Mttmg jio- 
sition, m 1 chill 01 amUi their legs hanging oa er the side of the bed It i'- woitli- 
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while to ln\c a new pilient watdi an cxpeiiontod one do both the walking \cn- 
til'ition tc‘'t ind the m iximiim bieithmp; c.ipu it\ befoie attcmptiiiff it liini=elf 
Some patient'', in a ‘■pint, of toinpctition, exeit theineel\e‘; moie befoie in au- 
dience of one 01 two othei patients who iie iw iiting then tiini Cue must be 
t ikcn that the no'C clip is ^inig and that the pitienf does not lemoie his hps 
fioin the mouthpiece 'khe iinpoit nice of the Ic-'t to the pitient is emphisized 
and leassmaiice should be gi\en tiiat the test will not rc-iilt m spread of disease 
oi hemopt^•'ls Thepiticnt ismsiuKted to “bicathe as haitland fast as \ou can 
foi one-hdf minute ” Two stoad\, deep bieaths i second is a good late Rates 
of bicithmg that aie too slow or too rapid aic inefhcient It fieqiicnth is desir- 
able to m Ilk time with the patient’s breathing and to hold the stop watch before 



Fig 3 DcterminmE tlic ma\imiim breathing c ipacitc 

him The patient should be encouiaged to his xeiy best effoit dining the entiie 
30 second peiiod Unless both the opeiatoi and the patient aie satisfied that 
the exeition has been maximum, the test is lepeated on the same dai oi later 
By obseivmg these piecautions, the maximum biea thing capacity can be le- 
pioduced within o per cent 

T, , , ^ Walhing VcnUlatwn , 

Relationship of the Ratio = — 77 ^ to Dyspnea 

Maximum Breathing Capacity 

_ , , w alking ^ entilation 

Theie is a definite lelationship betw een the latio y : ^ 

^ maximum bieatmng capacit}^ 

and the piesence and degiee of d^’^spnea ( 5 ) 

talking ventilation , , o- i 

ttOien 2 IS below 3o, djspnea is not piesent 

maximum bieathing capacity 

walking ventilation ^ o- i w j * 

Wlien 2 — appioximates 3o slight ajspiiea is piesent 

maMinum bieathing capacity 
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w alking ventilation , , . , 

When i ; anpioNimates 4o, model ate da«pne.i is present 

ma\imum bieathmg capacitj 

__ nalkmg ^ en illation , , , , , 

\Vhen i exceeds oO, se% ere dyspnea is present at the end of 

ma-Mmum bieatlung capacitj'- 

the alking test 

Tm 0 impoitant facts must be kept m mind fiist, the walJanq vcnhialion icmmiis 
constant in the individual patient, and, second, dyspnea upon wall, mg bccotncs 
walking ventilation 

severe as the laho , - 7 ercccds 50 Thus, it becomes ap- 

niaznniini breathing capacity 

paient that disease 01 collapse Ihciapv that causes reduction of a patunt’s maxi- 
mum bieathing capacity to a level loioei than twice his ualking ventilation icsults 
III severe dyspnea when the patient is walling 

The follovmg is a hypothetical example of the deaelopment of dyspnea x\ith 
piogiessive loveiing of the maximum bieathing capacitx in a patient xvlio^e 
walking ventilation is IG litcis pei minute 


MBC 

irr 


DYSPXLA 

G4L 

IG L 

25 

none 

4G L 

10 L 

35 

slight 

3G L 

10 L 

45 

ninclci ite 

30 L 

10 L 

53 

sex ere 


Fluoroscopy of the Chc'it 

Once the dctoiminatioiis ha\o been mule of the breathing lecnniement for 
w liking, the maximum bieithing cipatilx, ind the ritio betxicoii the two, the 
pitientiscaicfullvfiuoiostopcd Tlieopei it 01 Vexes should be well iccoinnuKi dial 
to daikiicss befoic beginning the eximinatiou The chest is xiewed upon (piict 
bieithing and ilso xxhile effoits ue m ide if both sloxx iiid ripid maxiniuin 111- 
spiiation and cxpii ilion Ihc following det ills are ob^eixed moxeinents of the 
libs ind diiphi igms, shift of tliclieait 01 niednsiinum exidenie of trapping 
of an 111 i lobe 01 lung, ind, in the p if lent with ]ineuniotliorix the degree of 
collapse uid motion of the collip^ed lung, and the jne-eiue of fluid 

Rib motion ind diiphi igm motion of euh heniithoi ix is itionieii sepintolx 
in pcitent iges of nonn d is estiimtcil In the operitoi With prutue ihu < ni 
be done w ilh le ivonable ai ( iiricx Bx adding the jicif ( nt igi ^ of iib motion ind 
di ijilii igm motion on euh ^ide, if 1 - pos'-ibh' to irrixe it in ('liniite of the 
latio of the X entil moil c irrital on bx each lung s( p u m lx I hu" i pitant c 
tiiniti'd to hixi' 100 pei lent nomi il rib motion and KXl pir (cnt nonn d di 1 - 
lihiagni motion on the light side of the i best md 25 pi r < r nt nonn d !ii> motio 1 
ind J'l ]iei lent noun d di i]iht-igni motion on the h it 'id< ofihi 1 hi s. h is irsaj 
of 200 (light'' to lO (left^ IXpiessinl m motlurxx ix thu meins lli o the t.^nt 
lung is estiin itixl to l>o doing Ml pi i tint 0 ! the foi i! xi atd ilioa 




Fig 4 (Upper left) Xoi mil chest, deep inspirit ion 

Fir 5 (Upper right) Normal chest, deep expiration Theie is cquil “clouding” of the 
two lungs 

Fig 6 (Center left) Marked stenosis of the left mam bionchus, deep inspiration 

Fig 7 (Center light) Marked stenosis of the left mam bionchus, deep expiiation There 
IS “trapping” of an in the left lun^and the heait and mediastinum aie pushed to the right 
side 

Fig S (Lower left) Bilateral emphtsema m a patient with silico-tuberculosis, deep 
inspiration 

Fig 9 (Lower right) Bilateral emphjseraa When rapid expnation is attempted the 
hemidiaphragms rise onlj part waj in two seconds (\) Continued e\plIator^ effort results 
in slow , piogressne elevation to the maximum level (B) at the end of ten seconds 
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UnUo\ni ncj \tion i'' not('d thjoue;hou( the lunp: p‘\icnclnma ^\hcn the density 
of the nomi d luntr it deep in-pii'’itioni‘'Ob‘>oncd In fluoio^Jcopj (figuie 1) 5\hen 
lhi‘' iv lollowed 1)\ 1 ijnd. deep e\pn ition, eniplMUfr of tlie ‘Ui fiom tlic paicn- 
elmni piompth piotUues a linmoteeneous hare, moio den^-e o\ci the lowci two- 
thiuiv of tlie hme (limue 51 lien, on attempted i ipid expnation, an letained 
in i lobe oi iunc: In cnipln -'em i oi In ni iiked Inoiu hial ‘^tenoM*, the aie,a affected 
fills to I loud Old this phenomenon is lefeiied to as “ti ippinp; ’ hen ti ippmg 
is 1 losult of bioiithi d Stenosis, the bent ind modi istimim shift tow aid the side 
of the sttno'is on dee)) inspnation and uc pushed tow nd the contialateial side 
on deep e\pn ition (hcuies (i, 7) If emplnsemi is piesent, the di iplii igm (oi 
diiplu-igms, if the londition is bihtenl) ma\ mo\e but little at the \ci\ be- 
ginning of ittempted i ipid expirition and then slowh use is the inelastic, em- 
plnsemitoiis lung piienclmna expels the ni in i peiiod of fne oi moie seconds 
(figuies S d) In the abjoiue of stenosis oi emplnsema, deep cxpiiation cm be 
(.ompleted m one to two seconds 

It is impoilant to take into considei ition ti ipping caused b\ stenosis when 
attempting to estimate the \ontilalion tamed on In eitli lung sopaiateh If 
1 ipid breithing is being caiiied out, as when the maximum bieatliing capacity 
IS being determined, \eia little an lus a chaiue to get in and out of the lobe oi 
lung whose bionchu« is miikedh stenotic In this situation piactically all of the 
total ^cntdatlon is perfoimed by the othei lobes the bioiuhi of which aie patent 
For example befoie lesoction the pitient with the milked stenosis of the left 
mam bionchus (figuiCs (i, 7) hid a maximum bieithmg c ipacit-s of 5S liteis pei 
minute It w is estimated that ncaih dl of this total yentilation was being pei- 
foiniedln the light lung iiid tint onh a small amount of an was being ventilated 
by the loft lungdistd to the stenotic bionchus Tint this assumption was con ect 
IS siippoited In the finding of i ni ixinium bieathing capacity of 55 liteis per 
minute aftci the left lung was icmoied at opeiation 

When ti ippmg is a coiisequciKc of emplnsema it must be lemembeied, when 
couteniplatiug collapse oi icsection, that an empln seniatous lung is a pooily 
functioning lung It is often unwise, theiefoie, to peifoim tlioiacoplastc’’ oi le- 
section on one lung if the contialateial lung shows signs of maiked emphj'sema 
On the othei hand, peifoiming such an opeiation on the emphysematous lung 
is possible and ei en may be desuablc functional^’' if the contialateial lung is 
not emphe sematous and demonstiates ecidence of sufficient ventilatoiy lesene 
Conditions othei than stenosis of the bionchus can pioduce mobility of the 
mediastinum ^Movement of the mediastinum to a diseased side on inspnation 
ma'v denote the piesence of fibiosis leducing the elasticity of the paiench 3 ana 
of that lung lYith pneumothorax a mobile heait and mediastinum niaj’" shift 
to the contralateial side on expiiation 
If lobes collapsed bj’ pneumothoiax expand and con ti act w ell w ith inspiration, 
it IS an indication that x’entilatoi j’ function is w ell preseived m those lobes 
Thus it maj' be seen that much mfoimation lelative to the total x’entilation 
and to the individual ventilation of the tw^o lungs can be gamed, with expeiience, 
fiom caieful fluoioscopj’ 
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VPPLICVTION OP MNTILVTOR'l TLSTS 


Thoracoplastt/ 

Since thoi neoplasty is an iiicceisible pioccdnie, it is essential to cletemnne 
in ichancc nliethei oi not the patient has enough breathing reseue to tolerate 
tins opeiation As n coiolhiy to this, the suigeon wishes to knoev how mnn^ 
libs he can iemo\e, if necessnu, oi to hoy fey iibs he must limit Ins collapse 
The iiaRing icntilation remains constant before and after thoracoplasty and scicrc 

nailing tciUilation 


dyspnea occurs on nailing nheii theiatio 


exceeds 50 


maxiinnm breathing capacity 
It follou'S then that the niaxiniuni breathing capacity in any indnidual patient niiist 
not be lednced by operation to a leiel below ticice the patient's nail mg lentilatwn ij 
severe dyspnea on nailing is to be aioided Moreocei, m oiii expenence, in oicier 
to a\oid d^spnea, it is necessan* that the patient be left aftei operation watli a 
maximum bieathing capacity of not less thin 30 liteis pei minute, no mattei 
hoy loy his yalkmg \entilation may be 

When the maximum bieathing capacity befoie opeiation is high, the lesene 
is ample and no concern is felt about thoracoplasty e\en though the thoraco- 
plasty side IS contiibuting a fan amount of the total lentilatoiy function and 
the operation must be an extensu e one 


Example (Cnsc 1) The patient y as a 33 a ear old male with a four centimeter ciaita in 
the apex of the left lung (figure 10) His maximum breathing capacita y as 136 liters before 
operation Walking a entilation yas IS liters As taaice IS is 36 liters, the maximum breath- 
ing capacitj of this patient, if necessara , can be reduced ba operation to 36 liters although 
It IS never y ise to squaiadei function Rib motion and diaphragm motion on the right side 
yere both estimated to be 100 per cent of normal The left diaphiagm moaed 100 per cent 
of normal, aahile the nb motion on the left yas sliglitlj reduced (75 per cent of normal) 
From this at is seen that the right or “good” side aa as contributing slightla more than h ilf 
of the total maMnaum breathing capacita of 136 liters The surgeon yas able to lemoae S 
ribs on the left side aaithout fear of producing ea’entual daspne a After operation the naaai- 
mum breathing capacita y as S2 liters (figure 11) Walking ventilation remained lel itiv'ola 
_ yalkmg a’entilatioia 

constant at 19 liters Ratio of ; 77 T postoperatia ela a\ as 23 yitli 

maximum breathing capacita 

the ratio less than 35, the patient had no da spnea y hen y alkiiig 

Likeaaise, it is feasible to peifoim thoracoplasty ylien the pieopeiatiae maxi- 
mum bieathing capacity is only moderately high, oi eyen loaa ei, if the operation 
IS to be done on a pooity functioning side 

Example (Case 2) The patient yas a 40 jear old yonian yho had active paienchaniil 
disease and an empjema pocket on the right aaliicli reqmied a 7-rib tlioracoplastv with 
removml of the anterior rib sections (figure 12) Her y alkiug v entilation y as IS liters In 
this instance, as in Case 1, the maximum breathing capacita could, if necessaiv , be reduced 
to 36 liters, or ty ice hei y alking v entilation Her maximum breathing capacitj before opera 
tion y as 75 liters, so that she did not have the ample reserv e of the man y itli the maximum 
breathing capacita of 136 liters On the other hand, fluoroscopj levealed that the ribs ind 
diaphragm each niov ed onlj 25 per cent of normal on the right side as compaied to 100 per 
cent normal motion of the left ribs and 100 per cent normal motion of the left diaphragm 
Adding the percentages of nb and diaphragm motion on each side gav e a ratio of 50 to 200, 
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or 1 to 4, in favoi of the left side Hence the left side w as estimated to contribute four-fifths, 
i e , 60 liters of the total maximum bieathingcapacitj’- of 75 liteis This u as borne out b3" the 



Fig 10 (Case 1) (Upper left) Before left thoracoplastj Rib motion right, 100 per cent, 
left, 75 per cent Diaphragm motion right, 100 pei cent, left, 100 per cent j\I B C , 136 
litere, W V , IS liters, latio, 13 

Fig 11 (Case 1) (Uppei right) Aftei left thoracoplast-\ M B C , 82 liters, W V , 19 
liteis, latio, 23 

Fig 12 (Case 2) (Loiiei left) Befoic light tholacoplast^ Rib motion right, 25 per cent, 
left, 100 pel cent Diaphragm motion light, 25 pei cent , left, 100 per cent MBC, 75 liters 
W ^ , IS litera, ratio, 24 

Fig 13 (Cise 2) (Loiiei right) After right thoracoplisU M B C , 60 liters, M V , 19 
liteis, latio, 31 

results of tests after extensne right thoiacoplast\ (figure 13) Elimination of the \entil i- 
tion of the light lung gne a postoperituc maximum breathing c ipacit\ of 60 liters 1\ alk- 
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■(Miking ventilation 

mg ventilation remained constant at 19 liteis Ratio of ; after 

maximum bieatliing capaciti 

opeiation u as 31 and tlie patient uas not dispneic 

A patient with modeiate oi Ion ma\imiim bieatliing capacitj' befoie opeiation 
maj' eten toleiate thoiacoplasty on the side of hdtci function, piotided the op- 
eiation IS shaipty lestncted in extent so as to pioduce a highly selectne t3Tie 
of pulnionaij'' collapse affecting onl3' the diseased poition of the lung 

Example (Case 3) This 36 jeai old woman had pievioush lecened left pneumotlioiax, 
with subsequent expansion of the left lung Fluoioscopj levealed 75 pei cent noimal rib 
motion and 76 pei cent noimal diaphiagm motion on the light side and onh 25 pei cent 


Fic 14 (Case 3) (Left) Before right thoracoplasti Rib motion light 75 pei cent , left, 
25 per cent Diaphragm motion right, 75 pei cent, left, 25 per cent M B C , 40 litere, W V , 
11 liters, ratio, 28 

Fig 15 (Case 3) (Right) After selectne right thoracoplasti M B C , 37 liteis, W V , 13 
liters, ratio, 35 


normil nb motion and 25 per cent normal diaphragm motion on the left side (figure 14) 
Vdding the percentages of nb and di iphragm motions on each side ga\o a ritio of 150 to 
50, or 3 to 1, in fai or of the right side She needed a thoracoplasti on the right foi a small 
ca\ it j w Inch w IS fortun itelj situated in the extreme apex Vlso in hei fai oi w as i low pre 
operatnc walking \entilation of 11 liters per minute Her maximum bre ithiiig c ip iciti of 
40 liters per minute before operation could be reduced to our minimum standard of 30 liters 
The surgeon did an excellent selectne 5 nb right thoracoplasti , with piitial light sc ijiu 
lectonn He w is c ireful to leai e the anterior nb sections below the lei el of the fifth lerte 
bral spine in order to prcserie as much of the function of the lower two thirds of the right 
lung as possible (figure 15) Maximum breathing capiciti following operition (37 liters) 
11 IS oiili slightli less than the preoperatne i ilue \3 alking i cntil ition ch iiiged onli to 13 

walking lentil it ion 

liters 3\ith the resulting ratio of ; T; 7 " at 35, the piticnt experi 

maximum breathing capiciti 

cnced onli slight dispnca when w ilkiiig on the Icicl 
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Wucht hi'' ''lun\n (Inl the mi\nnum hicMlhing cupicitx is untliangod oi 
ictuilh impio\c(l in 7") pei oon< of pationls following solcetne apual tlioiaco- 
pl l^t^ 

r!iori('opl'i=;tv cm ho iicifoiiiKHl while pmnnnolhoiax is minilained on the 
contrilitoril side Scud (o-'ls of Aontihtoiv function in such ci^cs will give m- 
fonn ition of assist nice in (/) inaintanimg the degiec of the pneumothoiax at a 
Mtisficton funi tional le\ el (^) dctidnig if thoiacoplash can be peifoimcd, and 
(3) e\ iluitnig the end results of function aftei thoiacoplastj' and subsequent 
evpansion of the pneumothoi i\ lung 

1 xnmpk (C tsc 1) 1 lie p itu nl w is i 1*) \o u old man wlioso v( iitil itor\ fumtion tests 
jieldcd llie follow inp % dues 

RtUo 
II I 


Iibruirv 1911 — before righl piiciiiiiofhoi ix 

U II t 

94 L 

II I 

27 L 

}i nc 
29 

Dctcmbcr 191) — with right inieumothoi ix 

C2 L 

21 L 

31 

M iv 1917 — left thoricoiil 1 st V performed 

lunc 1917 — iftcr left thor icopl istv , with light piiciiinotlioi i\ 

GO L 

23 L 

38 

June 1918 — iftcr right lung cxiiiiided 

74 L 

21 L 

28 


It w IS osscntnl tint this ni in uiuleipo i left tlioi icojil isU for ci\itir\ discisc Right 
pncuniothori\ was instituted in Detember 10-15, ifiei fresh spre id of disciscon that side 
Before pneuniothor i\ the nii\iiiiuni brcithing cipicitj was 91 liteis ttith induction and 
nnintenaiue of right pneumothoi i\, the ina\inuiin bre ithing capacit\ w is loduced to 62 
liters Seven rib left Ihoricopl ist\ w is pcrfoinied in nin\ 1017, while continuing selective 
right pneumothorix M i\inium brcithing cipicitj w is CO liters in June 1047, after left 
thoracopl istj ind while the right pneuniothor i\ w isstill being maintained When the right 
lung was coinpleteh expinded in hiiio 1048, the end lesiilt was i maximum breathing 
capicitj of 74 liters The w ilkiiig \entd ition initialh w is 27 lileis With the induction of 
right pneiimothonx, it fell to 21 liters iiid remained stable at that level for the next two 
and one half xears while the thoi icopl ist\ w is being done and the right lung w is being 
expanded The patient w is iicxei dvsimeic 

Ventilatoi^ tests can demonsliatc the impuidence of thoiacoplasty foi some 
patients 

Lxample (C ise 5) The patient w is i 51 jear old man w ith a chest loentgenogiam which 
made it seem probable th it he w is i suitable candidate for left thoracoplastj Neveitheless, 
ventdaton tests showed him to be ix'Civ poor risk for operation Moreovei, if thoracoplasty 
were to be performed, it would hive to be complete because of the piesence of cavities in 
the left apex and in the midlung (figuie 1C) Even though b\ fluoroscopy the left lung was 
peiforming onlj about one seventh of the total ventilation, this patient had absolutely no 
reseiv e His maximum breathing capaeitj at 35 litcis w as alieady leduced by disease to the 
level of twice his walking ventilation of 18 liters 

Undoubtedly complete Ihoracopl istj would fuither reduce the low maximum breathing 
capacity and make this patient a pitiful respiratory invalid It must be remembered also 
that for a daj or two following each thoracoplasty stage the maximum breathing capacity 
is likelj to be reduced to some extent by such factors as the shock of operation, pain, and 
fluid in the operative site Even though this is only a temporary slight reduction in the 
maximum breathing capacitj , it may be just enough to precipitate an acute dangerous epi- 
sode of djspnea fiom which a patient without reserve may fad to recover 

It IS possible to lepeat the maximum breathing capacity aftei the individual 
thoracoplasty stages Sevmn to thiiteen days postopeiatively is the best time to 
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do the test, for b}’’ then the patient is lelativelj’' comfoi table and is able to pei- 
foiin satisfactoiilj’’ Thus, in a patient uith a low pieopeiative bieathing capacit}’’ 
the test can be lepeated between stages and fuithei opeiations abandoned when 
it IS felt that the mavimum bieatlung capacity is being reduced to an unsafe 
level No one stage unifomity depiesses the ma\imum bieathing capacity moie 
than any of the otheis, noi is it possible to say that a given stage vill leduce 
the ina\imum bieathing capacity to the same degree in eieiy patient These 



Fig 16 (Case 5) Rejected for left thoracoplnstj’ Rib motion right, 30 per cent, left, 
20 per cent Diaphragm motion right, 100 per cent, left, 0 per cent IM B C , 35 liters, W V , 
IS liters, ratio, 51 

variations aie related to the location and extent of the disease under collapse 
and to the toliime of good functioning paienclijuna which is being compressed 


Example (Case 6) The patient w as a 56 ^ car old n oman w hose \ cntilator\ function tests 
1 lelded the follow mg i alues 





Ratio 
It I 


v BC 

11 1 

If B C 

Fcbruari 1944 — before left thor icoplasta 

71 L 

13 L 

IS 

Mil 1944 — 13 dais after first stage 

61 L 



fune 1044 — ]3 fins iftei second stage 

40 L 



lull 1044 — 20 d i\s after third stage 

38 L 



M irch 1045 — on one hour outside exorcise 

47 L 

13 L 

2S 


The pitioiit had i m iMiniim breathing capacit\ of 71 liters before left thoracopl ist\ 
This fell to 61 liters following the first stage (2 ribs) to 40 liters after the second st igc (3 
more ribs) and to 3S liters iftcr the third stage (3 more ribs) 
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It should be observed that this patient’s ma\imum breathing capacity in- 
creased 9 liters from the time of the last stage until the patient reached “one 
hour outside exercise ” In oui experience, a patient is unhkety to regain venti- 
latoi}’’ function of more than 5 to 10 liters during the postoperative period as a 
result of exercise and improved muscle tone Frequently the gam is less There 
is good circumstantial evidence which suggests that application of tight, en- 
circling binders to the chest for six months after thoiacoplasty may cause lasting 
reduction of maximum breathing capacity m some cases 

Resection 

Ventilatorj’’ studies are used m selecting patients for resection m much the 
same manner as for thoracoplasty We have had opportunity to complete studies 
on 10 patients who undenvent pulmonai 3 ' resection From such a small senes it 
IS not possible to draw conclusions about the need for thoracoplasty after pneu- 
monectomy To date oui findings support the contention of those mvestigatois 
who believe that man}'' patients do not lequiie a space-filling thoracoplasty after 
pneumonectomy, if piotectmg the function of the remaining lung is the sole ob- 
jective Thoracoplasty after resection to pievent undue strain on tuberculosis 
m the remaining lung is a different matter and fiequently there aie strong in- 
dications for this procedure 

Pneumothorax 

Ventilator}'’ studies are of use m pneumothorax patients to detenmne the 
ability of the patient to tolerate this type of treatment, to regulate the degree 
of collapse, and to evaluate the patient’s eventual breathing capacity when the 
lung IS expanded Selective pneumothorax, m collapsing only diseased paren- 
chyma, allows the good lung tissue to continue to function and m this \\ ay the 
maximum breathing capacity need not be reduced at all If, hovevei, a pneu- 
mothorax IS sufficiently increased, bieatlnng capacity is lowered m proportion 
to the degree of collapse of good functioning tissue 

Example (Case 7) The patient as a 32 j ear old m oman ho had an expanded light lung 
fiom a pievious pneumothoiax (figure 17) On the left she had pneumothorax vith 50 per 
cent collapse and a maximum bieathing capacity of 53 liters A cavity remained open in the 
left uppei lobe Walking ventilation was 20 liters These studies levealed that the collapse 
could be incieased, if necessaij to close the cavity, until the maximum breathing capacity 
vas reduced to tvo times 20, oi 40 liters This nas tiied, but eventually the left pneumo- 
thorax vas abandoned as ineffective Fortunately, the cavit 3 closed as the lung expanded 
Duiing the expansion of the left lung, fluid foimed in this hemithorax Fifty -t\\ o aspirations 
of pleuial fluid v eie perfoimed before pleural sj'mphjsis as obtained (figure IS) It should 
be noted that the maximum bieathing capacitj vas 104 liters after expansion in spite of the 
presence of pleuial fluid for ten months 

Pait of the present trend to condemnation of pneumothorax is based on the 
assumption that the persistence of pleuial fluid during the course of pneumo- 
thorax, by thickening of the pleuia, fiequently causes severe loss of pulmonary 
function At Laurel Heights it is laie that severe functional impairment sufficient 
to pioduce dyspnea accompanies oi follows pneumothoiax treatment 



162 


FREDERICK C -n'ARRIKG, JR 


A biief descnption of oiii geneial polic 3 '’ of management of pneumothoia\ 
cases should be stated Pneumothoia\ which is ob\uousl 3 " ineffective at the stait 
because of gioss adhesions is abandoned m one oi two weeks aftei induction 
Opel able adhesions aie cut within a few weeks aftei beginning a pneumothoiax 
Effective pneumothoiav is maintained as “selectne” as possible consistent with 
cavity closuie and contiol of disease and with avoidance of an undue degiee of 
collapse Tubeiculous emp 5 ’-emata and pleuial effusions, peisistmg moie than a 
w'^eek or two and extending to oi above the dome of the diaphiagm, aie aspiiated 
assiduousty (6) If in the piesence of fluid the pneumothoiax is to be maintained 
tentativety, fiequent aspiiation with an leplacement is continued until the pleu- 
lal space is div If, on the othei hand, the lung is to be expanded, aspiiation 



Fig 17 (Cise 7) (Left) Expanded right lung with left pneumothoiax M B C , 53 hteis, 
W V , 20 liters, ratio, 3S 

Fig 18 (Case 7) (Right) Expanded right lung A.fter repeated aspiration of fluid from 
the left chest and expansion of the left lung M B C , 104 liteis, W 3 , 20 liters, ratio, 17 

Without ail leplacement is continued until pleuial S3nnph3"sis takes place Effec- 
tive pneumothoiax is maintained foi two to thiee 3eais aftei the disease is 
aiiested 

Ventilatoi 3 ’- studies weie peifoimed on 98 cases of pneumothoiax befoie, din- 
ing, and aftei expansion of the collapsed lung All of these patients had mod- 
eiatety adxanced oi fai advanced tuberculosis befoie pneumothoiax w is in- 
stituted In 60 of these cases, theie was not a sufficient accumulation of fluid to 
lequire aspiiation In 38 patients, fluid was lepeatedlv aspirated duimg the 
maintenance of the pncumothoi ax oi as the lung expanded The fact that pneu- 
naothoiax tieatnaent, e\ en when complicated b 3 ’’ pleuial fluid, does not fieqiiciifia 
result in severe functional impaiiment and d 3 ’spnea is substantiated ba the latio 

w alkmg X entilation , , 

i in these two groups after expansion of the pneu- 

maximum breathing capacity 
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mothoiax lung (table 1) A latio below 35 denotes absence of dj spnea on w alking 
Less than 10 pei cent of each gioup had d3fspnea of an}'- degice on walking after 
the collapsed lung had been expanded Tins is ccrtainh a good functional end 
lesult foi any foim of therapy foi modeiately advanced and fai ad\ anted pulmo- 
naiy tubeiculosis It is behc\ ed that the end lesults m the cases with fluid w on Id 
not be as favorable without diligent aspnation Fluid itself, when pioperh man- 
aged, IS not a compelling aigument against the use of pneumothoiax 

Phrenic Paralysis 

The maximum bieathmg capacitj' w'as reduced moie than 10 liters in 11 of 
10 patients leceivmg tempoiaij'- pluenic paiatysis 

Examplr (Case 9) The piltciit \ns » 53 jear old man who hid i miximum bre ithing 
cipicilj of 79 liters before operation \ftcr right tempor u\ phrenic par ih sis, flic ni i\i 


Ratio of 


II ailing I cnhlation 


Maximnm Ihcatinng Capacity 

Pneumothorax Litng nas Expanded 


TABLE 1 

and Prtscnce of Dyspnea in OS Pattcnii after the 


KiTionrLOw w j HATio/noi) is 

D%srsi,A soTiRisrvt , msrsriwAS isiRivr 


No fluid, or fluid not in sufTicient amount, nor per-] 
sistingsufiicienth long to rcqunc repe itcd aspiri * 


93 per cent 


7 per rent 


tioiis OOpiticiits 


I'luul suflicient in iniounl \nd jicrbistingsufficienth 92 peri out ' Spormit 
long to require rope Ued iispir itions SSpiticnls ' 


muni bre ithing (. ipicitA fell 21 liters, to 5S liters t\ ilking \t nti! ition w is >> hter~ lx fon 
opet ition 21 liters after operition 

In oui cxpeiientc, Icmpoiait phienicpaiah'-isiisuallN lan beexpei ttxl lolower 
the m iximum bieathmg tapat if\ 10 to 15 Iitei" tstuli a icilui turn is no h iiidu ap 
to the pttienl who has an initi d miximum Incitlung i ipi(if\ of 7"> liters ot 
moie When the maximum bieithmg t ipacita before plirrnit opi'ration is bdov 
50 hteis, howctei, such i loss of 10 to 15 htoi-s m i\ prodme u tti d oi unmmrnt 
(Kspne 1 

1 xnmplr (Cise9) 1 he p itu nt w is i 37 m irold worn in wIiom Mtitileon fn-ir un , o , 


iiehled the following \ iliiC'' 

I ’ ! 

tiigiivi lUtti—hi foil right phreiiir p inhsis !‘i I 

\ugusi lUiCi -nerve iniecttd with novoriine at 1 

\iigU'-t I'M(i-')divs iftor crushing nerve 'l I 

0( totx r I'ttli- right temporirv phn inr pirih'-i" uni ;• x nti 'ten 2s I 

limiiiv taiT -pm iimopentoneuin ab-orbe'l I 

\pnl I‘>)7 motion returning to right ‘h midi iphr igm "i ! 

lulv I'liT motion relunifd to in,ht bin ninph-igm 1? I 
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The pitient Ind a ma\imum breTthingcipicitj of 46 Iitcis before phienic paril\sis The 
operation w ns done on the right side, w Inch, bj fluoroscopj , appe vred to contribute slightlj 
moie to the total vcntil ition thin the left •Vfter injecting the iiene with no\ocnne, the 
wound was closed and the maximum bieathing capicit\ was ledeteimined and was found 
to be 33 liters This w as not considered too low and the w ound w as i eopencd and the non e 
crushed The reliabilitj of this method of testing lentilation before actinlh cuishtng the 
nerve was demonstrated bx the fact tint the maximum breathing capacity w is found to be 
33 liters five da3 s after the operation Pneumoperitoneum w as subscquenth used to supple- 
ment the phiemc paiilxsis and lesulted in further reduction of the maximum bicitlung 
capacitj to 2S liters 4.t this lexel the pitient was frequenth slight!} dx spneic ex en on strict 
bed rest 4s this xxas considered undesiiable, the pneumopeiitoneum was soon abandoned 
With absorption of the abdominal air, the maximum breathing cxpacit} leturned to 32 



Fig 19 (Case 10) (Left) Befoieleft temporal} phrenic piral}sis Diiphiagm Icxel at 4 
before operation M B C , 141 liters, W V , not done 

With left temporal X phrenic paral}sis alone Dnphi igm level at B following opei ition 
41 B C , 129 liter's, W V , not done 

Fig 20 (Cise 10) (Right) With left temponrx phionic paiilxsis supplemented b\ 
pneumopeiitoneum M B C , 129 liteis, W V , 26 liteis, ratio, 20 

liters 4s motion returned to the right hemidiiphrxgm, the maximum breathing cqncitx 
rose to 40 liters, and ex’^eiitualh to 44 liters, comparable to the pie-phremc lex el 

Fiom expenence of this soit m txx’^o patients, xxe feel that phienic paiahsis 
should be done xxith extieme caution in patients xxith a maximum bieatiiing 
capacitx beloxx 50 liteis and especially so xxhen the opeiation is to be peifoimed 
on the side of bettei function 


Pneiimopci itoneinn 

As employed m oui sanatoiium, pneumopeiitoneum seldom leduced the max- 
imum bieathing capacity moie than o liteis This xxas the case xxliethei the 
pneumopeiitoneum xxas used alone oi as a supplement to phrenic paialysis 
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Example (Case 10) The patient was a 16 jear old boy who had a left temporar3 phrenic 
paralysis which lowered his maximum breathing capacity from 141 liters to 129 liters (figure 
19) Addition of pneumoperitoneum brought about no further change in the value for maxi- 
mum breathing capacity (figure 20) 


DISCUSSION 

The method descnbed above for the evaluation of pulmonaiy function rehes 
on careful fluoroscopy for estimation of the function of the individual lun^ The 
cnticism can be raised that accurate determination of the breatlung effort of 
each lung is not possible without differential bronchospirometry In fact, Wnght 
(7), while flndmg satisfactory correlation of bronchospirometnc and fluoroscopic 
data m two-thirds of his total cases, feels that senous error may occur in in- 
dividual patients On the other hand, some chnicians question the rehabihty of 
differential bronchospirometry in individual cases because of the mechanical diffi- 


TABLE 2 

Functional End Results tn iSS Patients Subjected to Operation 



itAxnnru breatiunc capaoty before operatios 


30 to 49 L 

so to 69 L 

70 or more L 

Studied by ventilatory method 
123 patients 

Status after operation 

(6 patients 
studied) 

1 died, S 
satisfactory 

(47 patients 
studied) 

47 satisfactory 

(70 patients 
studied) 

1 cripple, 69 
satisfactory* 

Studied by differential broncho- 
spirometry 17 patients 

Status after operation 

(2 patients 
studied) 

2 satisfactory 

(S patients 
studied) 

3 died, 5 
satisfactory 

(7 patients 
studied) 

7 satisfactory 


culties involved in the procedure Even the physiologists wll not alw ays quarrel 
with this statement 

In addition, the method descnbed in the present coraniunication utilizes onh 
ventilatory tests and gives no information regarding o\j gen intake and carbon 
dioxide output These facts are of importance if the lung to be collapsed has a 
higher proportion of oxygen absorption in companson to its \cntilation For ex- 
ample, a lung to be collapsed may be performing only 20 per cent of the total 
ventilation, y^et may account for 40 per cent of the total o\y gen absorption 1 hia 
unfavorable situation does not occur often and v a'j found onl\ once m 2C> pa- 
tients who were studied preoperatu ely by differential broncho-qiirometry at 
Laurel Heights 

The \alue of a method is judged largely b\ the end result^ One hundred am’ 
twenty-three patients, studied before thoracoplasty or resection, ha\c come to 
operation and ha^e been studied or obscracd po'topcratn civ (table 2) 

For anah --is these patients ha\ e been di\ ided into ihrce gm ip« nccordmi, to 
the preoperatu c value for maximum breathing cap3cit\ A \ah'c of SO to t*"! 
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bters as classified as low, 50 to 69 liters as moderate, and 70 or more liters as 
high It IS the 6 patients in the 30 to 49 hter group and the 47 patients in the 50 
to 69 hter group who constitute the real test of the method On the basis of the 
preoperative ventilatoi 3 ’' studies, it was predicted that all of the 123 patients 
could tolerate operation and would not be severely dyspneic when walkmg after 
operation In only two cases v as this prediction incorrect One patient with a 
preoperative ma-omum breathing capacity of 36 hters died from respiratoiy 
failure after operation A second patient had a maximum breathing capacity of 
75 hters before operation which nas reduced by thoracoplasty to 48 hters Un- 
fortunately her walking ventilation was 30 hters per minute and she became a 
respiratory cnpple, unable to walk without severe dyspnea 

An additional small group of 17 patients was studied by differential broncho- 
spirometry preoperatively, they were considered satisfactoi^’" risks for operation 
Of these, 3 in the 50 to 69 hter group had marked dyspnea, contmmng to death, 
after thoracoplasty Not only are the end results m the ventilatoiy group satis- 
factoiy m themselves, but, in our hands, tbe 3 ’’ compare favorabl}’’ mth those of 
the small group which was studied by differential bronchospiromett^’- 

In our expenence, these ventilatoi^’’ studies, including careful fluoroscop 3 ’’, are 
a sufiflciently accurate means for evaluation of puhnonaiy function in all but 
the exceptional case The simphcity of the method recommends its use where 
the more intncate ph 3 ’'sioIogical tests are not available This is not to be con- 
strued as a disparagement of the procedure of differential bronchospirometiy 
Nevertheless, the reahty must be accepted that most physicians and chmcs, be- 
cause of the time, costly equipment, and expert knowledge of pulmonai 3 ’‘ ph 3 ’'S- 
lology reqmred, cannot or will not use bronchospirometiy’- 

SUMlVIART 

Certam simple tests of ventilatoiy function (maximum breathing capacit 3 ^’ 
walkmg ventilation), combmed mth careful fluoroscop}’’ of the chest, can 3 neld 
much information for evaluatmg the presence or imminence of dyspnea in pa- 
tients with pulmonaiy disease In cases where collapse measures aie contem- 
plated, these ventilatory tests assist m determimng the patient’s abihty to tol- 
erate a given procedure 

The apparatus for performing these tests of ventilatoiy function and the 
method are descnbed Cases illustratmg the practical apphcation of the tests 
are reported and end results in 123 patients after operation are anatyzed 

SUMABIO 

Pruebas Sencillas de la Funcion Veniiladora para Empleo en el 
Sanaiono o la Clintca 

Ciertas sencillas pruebas de la funcidn ventiladora (maxima capacidad respira- 
tona, ventilacidn ambulante), combmadas con la cuidadosa roentgenoscopia del 
tdrax, pueden facihtar mucha informacidn para apreciar la presencia o la m- 
mmencia de disnea en los enfennos con afeceiones puhnonares En los casos con- 
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Eidcrados para medidas de colapso, csas prucbas de la aeracidn ayudan a deter- 
minar h capacidad del enfenno para tolerar im procedimiento dado 
Describcnse cl aparato necesario para cjecutar dichas prucbas de la funcidn 
ventiladora y la tdcnica A1 presentar casos que demuestran la aplicacidn prdctica 
del mdtodo, anaUzanse los rcsultados termmalcs en 123 enfermos operados 
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PHRENIC I^ERVE INTERRUPTION IN THE TREATMENT OF 
PULMONARY TUBERCULOSISi 

n Complications and Sequelae of Plirenlclasls 
ROGERS MITCHELL 
(Received for publication December 15, 1948) 

INTRODUCTION 

In spite of a voluminous literature on temporary phrenic nerve mterruption, 
there is relatively little reference to the complications and sequelae of the op- 
eration The importance of knowledge concemmg untoward effects, however, m 
particular the chance of prolonged or permanent loss of hemidiaphragmatic 
function, IS well recognized (1-S) 

JIATERIALS AND iUSTHODS 

The material for this study was derived from two sources 

(a) 382 patients subjected to 516 phreniclases at Trudeau Sanatorium be- 
tween 1932 and September 1948 (9), and 

(b) 156 patients and expatients previously treated with phreniclasis bj’’ phj’’- 
sicians- and at sanatoriums^ m and around Saranac Lake, N Y 

All of the operations m the first group and most of those m the second were 
performed by one of four surgeons'* In those performed elsewhere, some details 
were made available by correspondence Chest roentgenograms were available 
for review by the author m 92 per cent of the first group Follow-up data were 
obtamed wherever necessaiy by correspondence with the patients, attending 
physicians, and with other mstitutions 

Nmety-six of the first group and all of the second group, 252 patients m all, 
were personally mtemeved and fluoroscoped by the author from one to eight 
times between March 1947 and September 1948 Readmitted patients and ev- 
patients back for a checkup or a visit provided most of the cases followed for 
two years or more after operation 

In those cases first seen long after phremclasis, the decision that hemidia- 

* From Trudeau Sanatorium and the Edward L Trudeau Foundation, Trudeau, New 
York 

* Doctors Daniel M Brumfiel, John N Hayes, Henry W Leetoh, J Woods Price, Francis 
B Trudeau, and George E Wilson, to whom the author is indebted 

* New York State Hospital for Tuberculosis, Ray Brook, New York, Northwoods Sana- 
torium, Saranac Lake, New York, Will Rogers Memorial Hospital, Saranac Lake, NewYork, 
Veterans Administration Hospital, Sunmount, New York, to the staffs of which the author 
IS indebted 

* Phremclases by Doctors Edward S Welles, Warnner Woodruff, Carl G Merkel, Saranac 
Lake, New York, and Winfield 0 Kelley, Norwich, Connecticut, to whom the author is 
indebted for operative data In every instance, so far as could be determined, the techmque 
of the operation consisted of a single crushing of the main phremc trunk or trunks with a 
smooth-faced clamp 1 mm in width, plus section of all accessones found 
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phragmatic paralysis had been effected was based upon reports of serial fluoro- 
scopic examinations m the clmical record The examinations were made at 
approximately monthly mtervals and consisted m a record of the excursion, 
measuiedm millimeters, of eachhemidiaphragm dunngbothquietanddeep breath- 
ing in the erect position Moreover, the response, normal or paradoxical, of each 
hemidiaphragm to an mspiratory sniff was also mcluded Accordmg to criteria 
now in general use, the paralyzed side differs from the unparalyzed side as follows 
(a) no descent, or a paradoxical rise, on quiet mspiration, (b) limitation of 
descent on full mspiration after a forced expiration, and (c) paradoxical rise on 
inspiratory sniff 

It was origmally planned to use these criteria m the series of patients exammed 
personally However, largely because of additional mformation gamed by fluoro- 
scopmg the diaphragm with the patient m the recumbent position®, new criteria 
were developed and are outlined m table 3 

Diaphragmatic excursion on both quiet and deep breathmg tended to be 
greater m the recumbent than m the erect position This was true regardless of 

TABLE 1 


Range of Normal Hemtdtaphragmattc Excursion tn S5S Patients 


POSITION 

TOTAL EXCURSION IN CM 

1 

Quiet breatluug 

Forced breathing 

Erect 

Recumbent 

0 5 to 5 0 
10to5 0 

lOto 10 0 

2 0tol2 5 


whether one hemidiaphragm was paratyzed, merely v eak, or noimal Of the 252 
patients fluoroscoped, 73 showed at least 1 cm greater excuision m the recum- 
bent than m the elect position on all exammations, 10 showed the reverse, serial 
observations varied m 9, and m the remainder the difference vas less than 1 cm 
or the observations were mconclusive The range of normal hemidiaphragmatic 
excursion m these 252 patients may be seen m table 1 
True rise above the expected position of quiet expiration of a totally para^'zed 
hemidiapliragm was observed m 14 cases m the recumbent but not m the erect 
position Frequently rise was obseiv'ed m both positions, but m no mstance v as 
it present m the erect position only 

The diaphragmatic response to a short mspiratory sniff vei;}’- frequentlj' was 
more nearly normal, e g , prompt descent, m the recumbent than m the erect 
position during the period when return of function was being obsen'ed, or from 
five to eighteen montlis after phreniclasis (see table 2) 

In other words, there vere frequent instances vhere fluoroscop 3 ' m the re- 
cumbent position yielded considerable additional mformation For instance, in 
spite of the presence of the accepted cntena for hemidiaphragmatic paral.vsis 
m the erect position, slight but definite e\ idence of beginning return of fimction 

' Suggested to the author b\ Dr Georgo W AVnght 
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R'as found m the recumbent position in 12 cases This nas presumablj^ due to 
the freer diaphragmatic evcursion seen m the recumbent position On the other 
hand, 4 patients with recent phieniclasis revealed the following findings There 
was some descent of the hemidiapliragm on quiet mspiration, almost normal move- 
ment on deep breathmg, paradoxical response to sniff, and no "nse” m the erect 
position In the recumbent position there vas, in addition to the paradoxical 
response to sniff, no motion on quiet breathmg and almost none on deep breathmg, 
and a very definite “nse” above the level of quiet expiration One patient m fact 
received an immediate repeat phreniclasis because of the absence of convincing 
evidence of paralysis on fluoroscopy m the erect position The fluoroscopic ob- 
servations were unchanged after the repeat operation While agam virtuallj’’ fixed 
m the position of quiet expiration m the recumbent position, the hemidiaphragm 
contmued to show considerable motion on both quiet and deep breathmg in the 
erect position 


TABLE 2 


Response of Previously Paralysed Hemtdtaphragms to a Sharp Inspiratory Sniff in 
the Erect and Recumbent Positions 6 to 18 Months after Phreniclasis 



NUltBER 

PEE CENT 

Paradoxical in erect but not in recumbent position* 

33 

66 5 

Paradoxical in both positions 

16 

33 0 

Paradoxical in recumbent but not in erect position 

1 

0 5 

Total coses 

50 

100 0 


* In 7 of these cases there was no movement up or down in the recumbent position 


The criteria for paralysis, muscular weakness, and normal behaviour of hemi- 
diaphragms, as finally used m the author’s senes, are outimed m table 3 The 
difference between apparent and true elevation oi “rise” of the hemidiaphragm 
must be emphasized Usually the recently parab’^zed muscle becomes moie or 
less fixed m the position of quiet expiration This leads to the appearance of 
"rise” on the routine chest roentgenogram taken at full mspiration In some 
cases, presumably due to contracting mtrapulmonary diseased tissue, a paralyzed 
hemidiaphragm will actually rise above the level of quiet expiration, occasionally 
to as much as two posterior mterspaces above the othei side At the other ex- 
treme it may remam fixed somewhere near the position of full mspiration, pre- 
sumably because of pleural or peritoneal adhesions 
Predommance of costal breathmg presented a technical problem, especialb' m 
young women If the excursion of an ostensibly normal hemidiaphragm from 
full expiration to full mspiration did not traverse the normal range of about 
two full posterior mterspaces, the exammation was considered mcomplete and 
was repeated after one week’s practice m diaphiagmatic breathmg Instruction 
m diaphragmatic breathmg at the fluoroscope, however, usually made a re- 
exammation unnecessary Bmdmg or holdmg the chest to lunit costal breathing 
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IS a method which, in the writer’s expenence, did not brmg about full use of the 
diaphragm Serial exammations made at intervals from a few days to three or 
four weeks showed surprismgly little variation m diaphragmatic excursion when 
abdommal breathmg was enforced 

Another problem occasionally met was the paralysis of a hemidiaphragm m 
one segment with normal response elsewhere This was probably a consequence 

TABLE 3 


Suggested Criteria for Paralyzed, WeaL {Atrophic), and Normal Hemidiaphragms* 


rLUOEOSCOPIC OBSERVATION j 

KEUIDIAPHEAGSIATIC EXCDKSION OBSERVED IN 

Total paralysis 

Muscular weakness or 
atrophy 

Normal 

Apparent "rise” failure to de- 
scend to the position of full 
inspiration 

Present 

Present 

Usually none 

True elevation or "rise” up- 
ward displacement from the 
position of quiet expiration 

Up to 2 posterior 
interspaces 
higher but fre- 
quently absent 

Usually absent, 
occasionally 
present 

None 

Response to quiet breathing in 
the recumbent position 

fAbsent or 

paradoxical 

Present but re- 
duced 

10 to 50 mm and 
usually equal 
to other Bide 

Response to forced diaphrag- 
matic breathing in both erect 
and recumbent positions 

Reduced 50% or 
more when 

compared to 
opposite side 
Rarely para- 
doxical 

Reduced 

60 to 125 mm 
and roughly 
equal to op- 
posite side 

Response to inspiratory sniff in 
the erect position 

Paradoxical 

Paradoxical, lag 
or normal 

Normal descent 

Response to inspiratory sniff in 
the recumbent position 

t Paradoxical 

Lag or normal 

Normal descent 


* Based upon the author’s experience in the 252 cases examined fluoroscopically 
t The most significant signs of total paralysis 


of failure to mterrupt a secondary phrenic nerve trunk or major accessory 
Persistent total paralysis or severe dysfunction of a part of a hemidiaphragm 
was seen several times, occasionally years after an exairesis 
Paralysis known to have lasted three months or less was presumed to have 
been due to mcomplete nerve crushmg and was classified as an madequate or 
“unsatisfactory” phreniclasis for two reasons 

1 Hemidiaphragmatic motion was usually reduced rather than abolished m 
these cases 
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2 From a technical standpomt, a total paralysis of less than 120 days seems 
impossible since nei've tissue regenerates at from 0 25 to 2 5 mm per day (10) 
and the distance from the pomt of nerve crush to the dome of the diaphragm 
IS from 300 to 400 mm m the adult Usmg the fastest rate and shortest distance, 
the mmimum elapsed time would therefore be 120 days 

EAILtTRE TO OBTAIN PARALYSIS FOLLOWING PHRENICLASIS 

Incidence and Relation to the Finding and Sectioning 
of Accessory Phrenic Nerves 

The mcidence of failure to obtain hemidiaphragmatic paralysis following 
phrenic nerve crush has been reported m various series as follows 0 3 per cent 
(11), 1 5 per cent (2), 5 per cent (6), 12 8 per cent (12) 

TABLE 4 

Incidence of Failure to Obtain “Satisfactory” Paralysis after Phremclasis at 

Trudeau Sanatorium 
1932-1947 


PHXENICI^SIS OPERATIONS 


OUTCOME 

First 

Second 

Third 

Fonrth 

Total 

Num 

ber 

Per 

cent 

Num 

ber 

Per 

cent 

Num 

ber 

Per 

cent 

Num 

ber 

Per 

cent 



“Satisfactory” paralysis 



■1 


■ 



B 



Lasted over 3 months 

330 




B 


1 

B 

437 


Inadequate paralysis 



n 


B 



B 



a Lasted 3 months or less 

12 

9 

B 

14 

■1 

27 

0 

^ 9 ! 

17 

11 

b No paralysis obtained 

19 

i 


11 


3 


0 


33 


Totals 

361 


110 


15 

■ 

n 

■ 

487 



In the 487 phreniclases performed on 361 patients at Trudeau Sanatorium 
between 1932 and November 1947, the mcidence of failure to obtam “satis- 
factory” paralysis, or a paralysis of over three months’ duration, was 9 per cent 
with the first operation, 17 per cent with the second, and 27 per centvith the 
third (table 4) 

The percentages of failure as shown m table 4 represent 50 failures to obtain 
“satisfactory” paralysis in S8 different patients In 22 of these 38 patients no 
attempt to recrush the nerve was made for various reasons which were not al- 
ways clear m the records Of the other 16 patients on whom a second attempt 
to obtam paralysis after mitial failure was made, 6 w^ere successful The mcidence 
of failure to produce any successful paralysis m the senes is therefore slightly 
less than 9 per cent It is of mterest that m each of the 6 successes after previous 
failure, one or more accessory nerves were sectioned on the repeat operation, 
when accessory nerve data were recorded 

It has been strongly emphasized (13) that a careful search for accessory phrenic 
nerve fibres is essential to consistent success m obtammg hemidiaphragmatic 
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P'lMh'i'is wjth phn'incl'i'-is Tible 3 phows (Ins rclatiomlup m 1S7 conseculi\e 
phronicl IK'S at 'Inido'm Sinatonuni 

At uutnl op'^ntion. failurt* to obt un s'llicfactoo' parnhsis \\'is ob'^ncd m 
11 i^r cent of tho'^e in winch no acce!>«or} nene was found, whereas failure was 
ob'x'rvcil m onlv 5 per tent of tho^i m which at least one accc'^sor^ none was 
sectioned At rejxMt ojicntion failure wa*: somewhat proatcr (11 pei cent) when 
a((eN‘Sinc‘' wore ’Sectioned than when none were found (10 per cent), but the 
nuidcnce of prcMoin ix-nmncnt intcrniption of accessories m the latter group 
w ns high 

W hen the ojientne note contained no reference to ntcc'^son ncncs, the sur- 
geon mn> be pro'-umed to hnie boon less conccnicd about their jHissible presence 

T \BLE 5 


Relalion of Suctfts in Obtaintup “Sali^Saclory" Jlemtdiaphrapmattc Paralysis to 
the Ptndirp and Scctwninp of Accessory Phrenic AVrtfs 


1 0 * vo»i; Accci'oti rttiEsic 

I'tWAL OratAWO 5 i 

SCTTAT OrtBAHONS 

Total 

No pinjj jii or 
‘inndcfjuate” 
i c , 

luted 3 monUis 
or less 

Total 

No paraljiis or 
‘ inadequate ’ 
paral>si9, ! e , 
luted 3 months 
or less 

Number 

Per celt 



Found* 

mm 

1 

7 

5 

14 

2t 

14 

Not found 

msm 

12 

11 

51 


10 

Complete opcrslnc dats 'i\ailabIo 

254 

19 


G5 

7 


No data on accessories 


12 

H 

mm 

12 

19 

Total operations 


31 

H 

■1 

19 

m 


• Mlacccssoncsfoundwcrcscctioncd 

t In spite of the sectioning of acccssorj ncncs, these two repent operations were again 
failures after a prc\ lous failure 

t The surgical technique of repeat operations after a previous success usuallj did not 
include a careful search for acccssorj non cs 

and importance The high (11 per cent) incidence of failure to obtain satisfactory- 
paralysis in 107 such cases therefore lends further weight to the importance of 
a thorough search foi accessory nerves at initial operations 

THE OPEKATIVE COMPLICATION OF PHRENICLASIS 

The following operatne complications have been reported in the literature 
(2, o, 11, 13, 14) injurj’- to the thoracic duct, injury to the vagus nerve, injurj’- 
to the cervical sjunpathetic nerves, injury to the brachial plexus, traumatic 
pneumothorax, and injury to the recurrent laiyngeal nerve 

In the 487 phreniclases performed at Trudeau Sanatorium betw'een 1932 and 
November 1947, 32 operative complications w^ere encountered and are outlined 
m table 6 

Lobular atelectasis w^as a roentgen finding -nuthout significant accompanying 
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S5T3iptoms In addition, initial and final tlieiapeutic results observed after phren- 
iclasis in the 16 such cases veie piactically identical to the results previous!}'’ 
reported in the group as a -whole (9) 

The single instance of gastric dilatation complicating left-sided phreniclasis 
was in direct contrast to a rather high incidence previousl}’’ reported (15) 

One operation, not recorded as a failuie, was stopped when pus veiled into 
the wound from a suppurating tuberculous Ij'mph node 
The mcidence of all opeiative complications was therefore 6 5 per cent Only 
0 4 per cent of these were fatal, t e,2 far advanced “desperate risk” cases 


TABLE 6 

Comphcalions of Phremclasts at Trudeau Sanatorium 


OPERATIVE COMPLICATIONS* 

number op cases 

PEE CENT 

Injury to cervical sympathetic nerve 

4 

0 8 

Laceration of thoracic duct 

2 

0 4 

Total technical errors 

6 

1 2 

UNTOWARD EEACnOVS TO EEmDlAPnEAGMATIC PASALVSISt 

NUilBEE or CASES 

PEE. CENT 

Dyspnea, severe, and death same dayf 

1 


death 31 days later 

1 

I 0 4 

Dyspnea, moderate 

7 

1 1 4 

Lobular atelectasis, severe 

2 


mild to moderate 

14 

3 3 

Severe gastro-intestinal symptoms due to gastric dilatation 
following left-sided operation 

1 

0 2 

Total untoward reactions to hemidiaphragmatic paralysis 

26 

5 3 

Total complications 

31 

6 5 





* Five of the siv operative complications occurred at repeat phreniclasis, presumably 
because of the difficulties of dissection through scar tissue 

t Twenty-five of the 26 untoward reactions to hemidiaphragmatic parab'sis followed 
initial phreniclasis 

t Operation performed on patient in bed in a desperate attempt to stop massive recur- 
rent hemorrhage 

None of the other comphcations was considered serious In a survey of 4,697 
cases (16), “senous” complications occurred m 1 2 per cent, which included 0 5 
per cent deaths 

THE EFFECT OF HEMIDIAPHRAGMATIC PARALYSIS ON THE COUGH MECHANISM AS 

OBSER-VED FLHOROSCOPICALLT 

Opmion has been divided on the effect of hemidiaphragmatic paralysis on 
the cough mechanism Cough and expectoration seem to be improved clmically 
in some cases On the other hand, some observ'ers believe that expectoration is 
made more difficult, and that there is a tendenej' for secretions to be retained 
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within the lung and bronchi The limited data available on experimental ani- 
mals (17) and on humans (18) tend to support the contention that expectoration 
IS impaired by phrenic nerve mtermption 
In the course of studymg the behaviour of the paralyzed hemidiaphragm 
fluoroscopically, patients were asked to give a hard cough while m both the erect 
and recumbent positions The behaviour of the unparalyzed hemidiaphragm on 
coughing was as follows During the mitial inspiration the diaphragm usually 
descends slightly and the glottis closes Then as the glottis is opened, the dia- 

TABLE 7 


Relation of Age and Sex to Duration of Hemidiaphragmatic Paralysis after Phreniclasis 



NUITBES OP 

DURATION OF MONTHS 



Mean 

Median 

Range 

Initial phreniclases 

190 

7 10 

6 50 

3J to 18 

Sex 





Males 

97 

7 13 

6 50 


Females 

93 

190 

7 08 

6 50 


Age 





IS to 25 

77 

lilgl 

6 00 


26 to 40 

100 


7 00 


41 to 56 

13 

190 

7 80 

7 00 


Repeat phreniclases 

38 

8 15 

7 40 

3J to 18 

Sex 





Males 

IS 

8 20 

7 50 


Females 


8 10 

7 30 


Age 





15 to 25 


8 36 

8 00 


26 to 40 

20 

8 10 

7 50 


41 to 56 

4 

38 

9 30 

9 50 



phragm abruptly uses coincident v ith the expulsive effort produced by the strong 
contraction of abdominal and thoracic muscles This sudden rise durmg the ex- 
pulsive phase of cough v as a veiy constant obseri’^ation m both positions except 
in advanced emph 3 ’'sema vhen both leaves of the diaphragm usually descend 
slightly, and in the presence of pneumothorax, when the homolateral hemidia- 
phragm frequently remains immobile 

In the erect position the parab’^zed hemidiaphragm also rises durmg the ex- 
pulsive phase of cough, m the manner of the unparalj^zed side, although oc- 
casionally this IS accomplished after a slight lag, asjmchronously, or m a flabby 
fashion 
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In the recumbent position, on the other hand, the paralyzed hemidiaphragm 
sho\\s a distinctly paradoxical descent duiing the c\piilsi\e phase of cough ■nhile 
the normallj’ functioning side is rising iUter the force of the cough is expended, 
the paralyzed half returns to its former le\el This obsenation i\as made on 45 
of 48 patients Mith total heraidiaphragmatic paralysis produced by a recent 
phrenic nen c crush As function began to return, this phenomenon usually dis- 
appeared although it was obseiwcd in li of 132 cases dunng the period of mus- 
cular weakness after neiw’c regeneration 

THE DURATION OF HEMIDIAriIR.\.GMATIC rXILVEISIS FOLLOWTNG PHRENICLXSIS 

Of 361 patients subjected to one or more operations of phreniclasis, there 
were 437 “satisfactorj^” parab'ses ( table 4) In 190 initial and 38 repeat op- 
erations, each w’lth proved return of function based upon reports of erect fluoros- 
cop5' onb’’, follow’-up data w ere sufEcientb’ complete to permit a fairlj' accurate 
determination of the duration of parabsis 

In table 7 it maj’ be seen that the range in the duration of paralysis was three 
and one-half to eighteen months This has been previously reported as from three 
to eighteen months (14, 19) with an a\erage of slx to nine months (19) 
Table 7 further shows that there is a tendenej' for the mean and median duration 
to be longer after repeat operation and a slight tendency to be longer m the 
older age group There was little difference in the figures between men and 
women In making this study it was further noted that if no return of hemidia- 
phragmatic function had been obsen'ed bj’- about IS montlis after operation, the 
paralysis persisted and presumbaly became permanent 

THE DEGREE OF RETURN OP HEMIDLXPHRAG^LA.TIC FUNCTION 
FOLLOWING PHRENICL.VSIS 

There are only limited data on the incidence of permanent paralysis after 
phreniclasis The followmg figures have been previousb’^ reported 6 to 8 per cent 
(16), 10 per cent (7, 8, 13), 11 per cent (6), 12 3 per cent (2), and 24 per cent 
w'hen supplemented wnth pneumoperitoneum (20) There is even less evidence 
on partial permanent disability The only specific reference found states “In 
54 8 per cent the function w as moderately impaired either partly because of the 
lack of nerve regeneration or because of fixation of the diaphragm by 
adhesions” (6) 

Out of 336 patients with 437 “satisfactorj'” parab’^ses (table 4), 312 were fol- 
lowed long and carefully enough either at the sanatorium or by the attending 
physicians after discharge to establish the fact that either nerve regeneration 
had taken place or that permanent total paralysis had resulted, on the basis of 
fluoroscopic examinations m the erect position 

In the process of fluoroscopmg patients with previous phreniclasis, the wnter 
gained the impression that the flgures on permanent total paratysis after phren- 
iclasis, as revealed m table 8 and m previous reports, not only were low but 
did not tell the whole story of persistent hemidiaphragmatic disability In other 
words, quite a few hemidiaphragms revealed fluoroscopic evidence of muscular 
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weakness or atrophy years after disappearance of the evidence of total paralysis 
As a consequence, an effort was made to fluoroscope as many subjects as possible 
who had had one or more successful paralyses 

In a series of 252 such mdividuals, the time elapsed after the most recent 
phrenic nerve crush varied from a few hours to over 15 years Serial exammations 

TABLE 8 

Incidence of Permanent Paralysis after Phremclasis 
From the Reeords of all Trudeau Sanatorium Patients, 1932-1947, with Sufficient Follow-up 
following Phremclasis to Permit an Accurate Determination 


HF.lfTDIAPHBAGltATlC rUNCTION 

FHSEmCLASIS 


Single 

I^lultiple 



Number 

Per cent 

Regained 

a) Interval known 

b) Interval unknown 

c) Total 

190 

44 

1 

234 

96 

38 

26 

64 

93 


Permanent Paralysis i e , not regained 2 or more 
years after last operation 

1 

9 

4 

5 

■ 


Total 

243 

100 

69 

100 

312 


TABLE 9 


Permanent Hemidiaphragmatic Disability Observed Fluoroscopically by the Author Two 
Years or More after “Satisfactory" Phremclasis 


PEBlfATTF^TT HEMIDIAFHBAG&IATIC DISABILITY 

Total 

Cases 

PHBF.N1CLAS1S 

Single 

Multiple 





1 None or practically none 

78 

66 

62 

22 

48 

2 Slight 

19 

11 

12 

8 

17 

3 Moderate to severe (50% or more) 

29 

18 

20 

11 

24 

4 Total paralysis 

10 

5 

6 1 

1 

5 

11 

Total cases 

136 

90 


46 



again revealed that improvement m hemidiaphragmatic function was observed 
up to but seldom after 18 months after phremclasis 

In table 9 may be seen the mcidence and severity of disability observed m all 
136 cases exammed 2 years or more after their last paralyzmg phremclasis The 
cases were derived fiom the entire patient and expatient population m Saranac 
Lake and environs The only cases excluded were those with no or madequate 
paralj'^sis after all phremclases performed, and those with less than a 24 months’ 
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interval bctvsccn the most recent operation and the latest fluoroscopic exami- 
nations iVnj’’ paralj'^sis of 3 months or less duration was not considered as a 
successful plircniclasis for the purposes of this study The terms "slight,” “mod- 
erate,” and "severe” represent rough evaluations of disabilit} ranging from 
normal function on the one one hand and total paralysis on the other "Moderate” 
disability was arbitrarily defined as at least 50 per cent loss of hemidiaphrag- 
matic function, attributable as clearly as possible to muscular wealmess or atrophy 

TABLE 10 


Relation of the Elapsed Time after Phrcniclasis and the Degree of Ilemidiaphragmatic 
Disahility Obscried on Fluoroscopic Examination 


IKTES\AL I^LTVSXr^ LAST PIIRtKlCLASlS AJfD LAST 

n.cososcor\ 

TOTAL VUMBEL 
or CASTS 

iNcnjEsci or so TO 100 m CE^T loss 
or ntuiDiApnsAGJiATic revenov 
TWO YEASS OE UOEE AriZI LAST 
rnsrwcxAsis 



Nomber 

Per cent 

24 to 36 montlis 



31 

36 to 47 



27 

48 months or more 

59 


27 

Total 

136 

39 

29 


TABLE 11 

Relation of Side of Operation and Age and Sex of Patient to Incidence of Permanent 
Hcmidtaphragmaltc Disability 


TACTOS 

TOTAL KUltBTS 
or CASTS 

50 TO 100 PET CEST LOSS OP HEinDIA- 
pnxACirATic ruNcnoN attkibutable 
TO PBSEVICLASIS A^'D PEBSISTINC POS 
TWO YE.\BS OR MORE APTEE LAST 
OPERATION 



Number 

Per cent 

Side of Operation 




Left 

61 

22 

36 

Right 

75 

17 

23 

Sex 




Male 

68 

21 

31 

Female 

68 

IS 

27 

Age Group 




14 to 35 

104 

26 

25 

36 to 56 

32 

13 

41 


only The disablmg effect of adhesions produced by pleuris}’’ with effusion, 
pneumothorav. with effusion, or empyema, and the limitmg effect of a later 
thoracoplasty, were carefull}’’ considered An appropriate part of any hemidia- 
phragmatic disability observed short of total paralysis ascribable to these fac- 
tors was then deducted from the disability ascribed to phreniclasis 

Twenty-six per cent of patients with smgle phremclases and 35 per cent with 
multiple phremclases showed a persistent 50 per cent loss of hemidiaphragmatic 
mobility, presumably attributable to previous phreniclasis 
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It IS of interest that the figures for permanent total paralysis m the series 
exammed b}’' the author were 6 per cent with single and 11 per cent followmg 
multiple plireniclases These figures are felt to be more nearly accurate than 
those derived m table 8 from sanatorium and other physicians’ records, which 
were based on fluoroscopy m the erect position only 
In table 10 it ma3^ be seen that from a statistical standpomt there is only a 
very slight chance of further return of function more than two years after the 
last phremclasis The mcidence of 50 to 100 per cent loss of hemidiaphragmatic 
function was roughtly the same in three groups of patients In those exammed 
m the third year it was 31 per cent In those patients exammed m the fourth 
year and in those exammed m the fifth to fifteenth year after their last “satis- 
factory ’ phremclasis, the mcidence was 27 per cent 
It IS apparent from table 11 that the mcidence of permanent disability was 
significantly higher m the older age group and m those with left-sided phremclasis 
The patient’s sex made only a slight difference 

TABLE 12 


Relation of the Sectioning of Accessory Phrenic Nerves to Incidence of Permanent 
Hemidiaphragmatic Disability Following Phremclasis 


ACCESSOHV PHRENIC NERVES POUND AND SECHONED 

TOTAL NUMBER 

OP CASES 

50 TO 100 PEB CENT BOSS OF BEMlDtA- 
PHBAGIIATIC FDNCnON ATTEIBIIIASIE 
TO PHEENICEASIS ANT PEBSISTINO 
POB TWO VEABS OB ItOBE APTEB 
LAST OPEEATION 



Number 

Per cent 

One or more 

48 

13 

27 

None j 

25 

6 

24 

Complete operative data on accessory nerves 
not available j 

63 

20 

32 

Total j 

136 

39 



In table 12 it is seen that the sectionmg of accessories did not materially 
change the mcidence of persistent hemidiaphragmatic disabihty m the 73 cases 
m which complete operative data and fluoroscopic studies two years or more 
after phremclasis were both available 

COXIStBNT 

It would appear that the paradoxical behaviour of the totally paralyzed hemi- 
diaphragm when the patient coughs m the recumbent position should impair the 
ability to expectorate By the same token, patients should be able to expec- 
torate more readily m the erect position It has not been possible to verify this 
hypothesis clmicallj’" as yet 

The explanation of this observation that the totally paralyzed hemidiaphragm 
responds paradoxical^ to cough m the recumbent and not m the erect position 
IS not entirely clear 

If at the time of occurrence of this phenomenon the sum of thoracic and ab- 
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dominal pressures results m a higher supradiaphragmatic pressure in the re- 
cumbent than in the erect position, this paradoxical descent of a flaccid hemidia- 
phragm only m the recumbent position may be clarified This change in relative 
pressures is presumed to occur for two reasons (a) the abdominal cavity is rela- 
tively larger in the recumbent than m the erect position because of the normal 
upward displacement of the entire diaphragm in the recumbent position and the 
diaphragm is therefore less readily compressed m this position, and (b) while 
the postural abdommal muscles tend to relax upon change from the erect to the 
recumbent position, the respiratoiy thoracic muscles are unafi'ected by any 
change m position 

Improvement m the mobility of previously paralyzed hemidiaphragms has 
been observed fluoroscopicalty in isolated cases after as much as four years (21) 
This observation was not made m this series but statistically there was a slight 
additional gam m function m the third year after the last phreniclasis 

The most reliable evidence of hemidiaphragmatic paralysis appears to be an 
absence of motion on quiet breathmg and/or a paradoxical response to an m- 
spiratoiy sniff, when the patient is m the recumbent position It is quite im- 
portant that the sniff be a sharp, definite, mspiratory effort 

Paradoxical rise of one hemidiaphragm on mspiratoiy sniff with the patient m 
the erect position, however, has been heretofore considered the best test for 
paralysis This findmg mdicates only weakness of the hemidiaphragm, m the 
writer’s experience Four patients, for mstance, who had never had a phrenic 
nerve interruption, had paradoxical movement of one leaf of the hemidiaphragm 
when they were m the erect position In addition, a paradoxical response to the 
sniff test m the erect position may persist for months after neix’-e regeneration 
has definitely occurred, as evidenced by clear-cut descent of the diaphragm on 
quiet mspiration, especially v ith the patient m the recumbent position On the 
other hand, no descent of the hemidiaphragm on quiet breathmg was observed 
m either position if a paradoxical response to the sniff test occurred vhen the 
patient was m the recumbent position 

SUMJIARY AND CONCLUSIONS 

1 The mcidence of permanent total paralysis was 6 per cent aftei smgle and 
11 per cent after multiple “satisfactorily” paralyzmg phreniclases Permanent 
loss of roughly one-half or more of hemidiaphragmatic function, attributable to 
phreniclasis, was 26 per cent after smgle and 35 per cent after multiple opera- 
tions This incidence was significantly higher m patients past 35 and in left- 
sided operations 

2 The mcidence of failure to obtam "satisfactoiy” hemidiaphragmatic paral- 
ysis with phreniclasis was 9 per cent for the first operation, 14 per cent for the 
second, and 27 per cent for the third 

3 Success m obtammg “satisfactoiy” paralysis was found to be directly re- 
lated to the findmg and sectionmg of accessory phrenic nerves 

4 The beha\uor of the paralyzed hemidiaphragm dunng the expulsive phase 
of cough was found to differ m the erect and recumbent positions 
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5 The duration of temporary hemidiaphragmatic paralysis following phren- 
iclasis was found to vary from three and one-half to eighteen months, v ith a 
mean and median duration between six and one-half and nine and one-half 
months 

6 The 6 5 per cent operative complications of phreniclasis and untoward re- 
actions to hemidiaphragmatic paralysis were minor, except in two fatal cases 
(0 4 per cent), only one of which may be considered a direct complication of 
phreniclasis 


SUMXRIO T CONCLUSIONES 

La Interrwpcion del FHmco en el Tratamiento de la Tuberculosis Pidmonar 
II Complicaciones y Secuelas de la Fremclasia 

1 La incidencia de pardhsis total permanente llegd a 6 por ciento cuando las 
freniclasias "satisfactoriamente” paralizantes fueron dnicas y a 11 por ciento 
cuando fueron miiltiples La p4rdida permanente de aproximadamente la mitad 
o mds de la funci6n hemidiafragmatica, imputable a la fremclasia, representd 26 
por ciento despuds de las primeras y 35 por ciento despuds de las segundas, 
siendo la incidencia sigmficativamente mayor en los enfermos de mas de 35 anos 
y en las operaciones en el lado izquierdo 

2 La mcidencia de fracases en la obtencidn de paralisis hemidiafragmdtica 
“satisfactoria” fud de 9 por ciento para la primera operacidn, 14 por ciento para 
la segimda y 27 por ciento para la tercera 

3 El dxito en la obtencidn de pardlisis “satisfactoria” resultd hallarse directa- 
mente enlazado con la localizacidn y reseccidn de los nervios frdnicos accesonos 

4 La duracidn de la pardhsis hemodiafiagmdtica temporal consecutiva a la 
fremclasia varid de tres meses y medio a dieciocho meses, con una duracidn 
media y mediana de seis meses y medio a nueve meses y medio 

5 El 6 5 por ciento de complicaciones operatorias de la fremclasia y de reac- 
ciones adversas a la paralisis hemidiafragmdtica fueron de importancia secun- 
daria, excepto en dos casos letales (0 4 por ciento), sdlo imo de los cuales puede 
consideraise como complicacidn directa de la fremclasia 
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PHRENIC NERVE INTERRUPTION IN THE TREATMENT 
OF PULMONARY TUBERCULOSIS^ 

III The Effect of a Paralyzed Hemldiaphragm on the Results of 
Homolateral Thoracoplasty 

ROGERS MITCHELL 
(Received for publication January IS, 1949) 

INTRODUCTION 

A recent survey has shown that after a single paralyzing phreniclasis, while 
there is only a 6 to 10 per cent chance of total permanent paralysis, there is a 
26 per cent chance of permanent loss of at least half the function of the hemi- 
diaphragm (1) The chance of this partial diabihty was further found to nse to 
35 per cent when a second phreniclasis was successful m paralyzing the hemi- 
diaphragm, and to 41 per cent in all patients past 35 years of age 

The fact that thoracoplasty may be later indicated in patients presentmg m- 
dications for phremclasis is well known For instance, by the end of 1947 sub- 
sequent homolateral thoracoplasty had been performed in 15 per cent of all pa- 
tients treated with phremclasis at Trudeau Sanatonum from 1932 through 1944 
Although a paralyzed hemidiaphragm has been considered a contraindication to 
homolateral thoracoplasty by several observers (2 to 8) details on actual ev- 
penence in this situation have not been found m the hterature 

MATERIALS AND METHODS 

The matenal for this study consisted of 103 patients of Trudeau Sanatonum 
treated with thoracoplasty before December 31, 1944 All Trudeau Sanatonum 
patients treated with thoracoplasty after a preceding phremc nerve interruption 
provided 55 of these cases^ the other 48 consisted of all other patients treated 
mth thoracoplasty at Trudeau Sanatonum from the first case in 1927 

The preoperative, operative, postoperative, and follow-up data in these cases 
were denved from the Sanatonum records and from correspondence with vanous 
attending physicians, surgeons, other institutions, and the patients themselves 

These 103 thoracoplasty cases were divided into two mam groups, according 
to the functional status of the diaphragm at the time of the first stage of thoraco- 
plasty 

Normal diaphragm at the time of thoracoplasty Sixty-two patients had normal 
diaphragmatic function at the time of thoracoplasty In 48 of these, the phrenic 
nerve had never been interrupted, in the other 14, there was satisfactoiy fluoro- 
scopic evidence of return of hemidiaphragmatic function after a previous phrenic 
nen’-e interruption 

* Prom Trudeau Sanatorium and the Edward L Trudeau Foundation, Trudeau, New 
York 

“ Twenty-eight of these patients had thoracoplasty performed subsequent to their dis- 
charge from Trudeau Sanatorium 
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Partial or total homolatcral hemidtaphragmahc paralysis at the time of first stage 
thoracoplasty Forty-one patients had some degree of impairaient of hemidia- 
phragmatic function at the time of thoracoplast}'- In 27, the paralj'-sis was total, 
including 13 e\aireses®, m the other 14, fluoroscop}’’ revealed at least partial dis- 
abihtj'^ before the first stage The fluoroscopic data on these 14 cases unfortunately 
were insufiicient to permit a clear distinction between paralysis and muscular 

TABLE 1 


Comparabihty of Two Scries of Thoracoplasttcs Performed with and without a Disabled 

Homdlateral Hcmidtaphragm 



PAXTIAt OR TOTAL PARALTSXS AT TIKE OP 
riRST STAGE TIIOEACOPLAST\ 



Became 

Permanent* 

Temporary or 
Presumaolj 
Temporarj f 

Total 

BEFORE TIBST 

STAGE THORA 
COPE^STV 

Total Cases 103 

Preoperative Data 

Age 

19 

22 

41 

62 

Range 

26 to 50 

24 to so 

24 to SO 

20 to 63 

Mean and Median 

Se\ 

33 

33 

33 

33 

Males 

58% 

48% 

54% 

40% 

Extent Far Advanced 

5S% 

48% 

54% 

44% 

Endobronchial tuberculosis found on 
bronchoscopy (48 different patients 
exanuned) 

Operative Data 

36% 

35% 

36% 

33% 

Average number of stages 

2 4 

2 6 

2 5 

2 5 

Average number of ribs resected 

Year of operations 

7 7 

7 7 

7 7 

7 5 

Range 

1928-1944 

1935-1944 

1928-1944 

1932-1944 

Mean and median 

Postoperative Data 

Years of follow-up of living patients 

1935 

1939 

1937 

1939 

Mean 

9 6 

7 7 

8 4 

7 3 

Median 

8 2 

7 5 

7 8 



* 13 intentional due to e\airesis and 6 unintentional following plireniolasis 
t Phreniclasis with function ultimately regained in 18, no postthoracoplasty fluoro- 
scopic studies available in 4 


weakness These 41 cases were further subdivided into postthoracoplasty return 
of hemidiaphragmatic function (22 cases) and permanent homolateral paralysis (19 
cases) 

These tv o senes of cases were then examined with regard to vanous factors 
which might interfere with the accuracy’' of a statistical comparison (table 1) 

’ All performed before 1934 
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It was found that the essential differences between the two mam groups were 
that m those w ith a paralyzed heraidiaphragm before surgery there w as a higher 
preialcnce of far advanced disease, and that the thoracoplasties were performed 
m earlier j ears chronologicallj' 

The BubdiMsion with disabihty ultimately determined to be peimanent in- 
cluded 13 exaireses and hence contained a preponderance of the earher thoraco- 
plasties, since the last e\airesis m this senes w as performed in 1934 Exclusion 
of these 19 cases left 22 cases which, with regard to the attnbutes considered m 
table 1, were comparable to the senes of 62 patients wath a normally functioning 
diaphragm at the time of thoracoplasty 

RESunas 

In table 2 ma}' be seen the incidence of immediate postoperative roentgeno- 
graphic spread of disease and of generalized cloudmess throughout the lung under 
collapse interpieted as "atelectasis” or airlessness plus congestion The latter 


TABLE 2 

Incidence of Immediate Postoperative Thoracoplasty Complications in 103 Patients with and 
without a Disabled Homolatcral Hcmidtaphragm 



1 

PAHItAL OK TOTAL i 
FAKALYS15 1 

NO PAKALYSIS 

Total Cases 103 

41 

62 

Spread of disease after one or more stages 

Homolateral 

2 

1 

Contralateral 

4 

6 

Bilateral 

3 

6 

Total 

9 (22%) 

13 (21%) 

Homolateral “atelectasis” after one or more stages 

4 (10%) 

1 (1 6%) 


comphcation was diagnosed only when there was an associated shift of the me- 
diastmum toward the cloudyside Intrapleural and extrapleural effusions, which 
may also cause general cloudiness, were excluded on the basis of the position 
of the heart and mediastmal structures 
It wall be noted that there was httle difference in the mcidence of postoperative 
spread of disease m the two senes 

The mcidence of homolateral atelectasis, however, was 10 per cent m the group 
with a disabled homolateral hemidiaphragm at the time of surgeiy, whereas it 
was only 1 6 per cent in the group with a normally functiomng diaphragm Un- 
fortimately, preoperative bronchoscopy had not been performed on any of the 
patients in whom this comphcation was diagnosed 
In table 3 may be seen the details of late therapeutic results after thoraco- 
plasty HI the same senes of patients Results were classified as "satisfactory” 
and “poor ” "Satisfactory” was apphed to those cases which recovered after 
thoracoplasty, either promptly (within one year) or slowly (wathm two years) 
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and then remained well and 'u orking, cavities closed^ and sputum negative for 
M tuberculosis^ for three j’^ears after the last stage ® 

“Poor” results vere defined as (1) immediate operative deaths, (8) deaths 
from progressive tuberculosis vuthm three years, (S) lapse into a state of chrome 
tuberculosis vnth “positive sputum” and/or persistent cavitation and/or severe 
respiratoi^’’ embarrassment, {4) initial success, but vnth a significant relapse in 
one or both lungs v ithin three years after the last thoracoplasty’’ stage One pa- 
tient vho died of a cause other than tuberculosis and 4, m vhom postthoraco- 
plasty follow -up data of at least three years’ duration were not available, were 
excluded from statistical analysis but ■were included m computing the margin 
of error 

The incidence of “satisfactoiy” results in the patients with a normal homo- 
lateral hemidiaphragm "nas 73 ± 2 per cent, while in the entire group mth a 
disabled homolateral hemidiaphragm it was 56 db 1 per cent 

It W'^as further observed that appro’omately the same percentage of “satis- 
factoiy” results was obtained in the group with permanent paralysis (58 db 0 
per cent) as m the group with temporaiy or presumably temporal^’’ paralysis (55 
rfc 5 per cent) 


DISCUSSION 

While immediate postthoracoplasty spread of disease was apparently unre- 
lated, there iras a defimte tendency for both postoperative atelectasis and poor 
late results to occur m patients with preoperative evidence of a disabled homo- 
lateral hemidiaphragm 

It IS not certam how much of this difiference in late results after thoracoplasty 
may be attnbuted to the condition of the diaphragm at the tune of operation, 
since so many vanables enter into the picture On the other hand, the difference 
in the two senes is felt to be sigmficant in spite of the limited number of cases 
It should be pomted out, however, that the group mth permanent paralysis is 
not w^holly comparable to the other two groups because the mean year in which 
thoracoplasties were performed was three y’-ears earher 
From a theoretical standpomt it is actually surpnsing that atelectasis did not 
occur moie frequently^ in the presence of hemidiaphragmatic paraly'sis Dunng 
the penod of decostahzation and pam followmg a thoracoplasty' stage, the burden 
of partial or total abolition of the costal component of breathing is thereby added 
to a lung, the ventilatory function of which is already unpaired by partial or 
total hemidiaphragmatic paraly'sis Poohng of secretions is piobably also pro- 
moted in this situation by the paiado’acal behavior of the paralyzed hemidia- 
phragm dunng cough when the patient is in the recumbent position (1) Most 
patients wnth recent thoracoplasty' necessanly spend consideiable tune m this 
position Any impairment of the mechanism of drainage of baciUi-laden secre- 
tions might be e'xpected to increase the incidence of postoperative spread of 

On stereoscopic or flat chest roentgenograms 
® Three or more negative 50 hour concentrated smears in most cases 
' See first footnote, table 3 
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disease “Wlule obsen ations m the immediate postoperative period (table 2) failed 
to confirm this hypothesis, the gioup vnth normal diaphragmatic function seemed 
to handle “spreads” somewhat better, at least from the standpoint of late re- 
sults (table 3) 

Another theoretical objection to thoracoplasty m the absence of homolateral 
hemidnphragmatic -v entilatorj’’ function is the possible creation of a shunt, wath 
the pulmonaiy vessels circulating blood through lung tissue which can no longer 

TABLE 3 


Rclaiion of Laic licsiills after Thoracoplasty to the Preoperative Condition of the Homolatcral 
Hcmidiaphragm in JOS Cases, JOSQ-JOj^ 



PAKTIAl. Oa TOTAL PARALYSIS 

hO PAaAL\SIS 


Became rermanent 

Temporary or Pre- 
siunably Temporary 

Total 

Total Cases 103 
Satisfactory 

19 

22 

41 

62 

Prompt reco\ cry 

10 

10 

20 

35 

Delayed recovery 

1 

1 

2 

8 

Total 

Poor 

11 (58 =t 0%) 

11 (65 ± 5%) 

22 (56 ± 1%) 

43 (73 ± 2%) 

Operative deaths 

2 1 

1 

3 

4 

Death from pro- 
gressive tubercu- 
losis 6 months to 
3 years later 

2 

i 

4 

6 

2 

Became chronic in- 
valid 

3 

3 

6 

7 

Recovery, with sig- 
nificant relapse 
within 3 years* 

1 

1 

2 

3 

Total 

Nonevaluated Cases 

8 (42%) 

9 (45%) 

17 (44%) 

16 (27%) 

Nontuberculous 
deaths 1 

0 

0 

0 

1 

Contact lostt 4 

0 

2 

2 

2 


* In addition to these 5 relapses occurring within the first three years, only 6 late re- 
lapses occurred among the 65 satisfactory results in the ensuing 2 to 16 years of additional 
postthoracoplasty follow-up Seven of the 11 patients who relapsed have again become 
arrested 

t All other cases were followed to 1947 or death 

be properly ventilated after the added ventilatory impairment of resection of 
segments of five or si\ nbs Unsaturated artenal blood has actually been obtained 
under such circumstances in a few^ instances (9, 10) 

SUJIMARY AND CONCLUSIONS 

1 Late results with thoracoplasty in a senes of 103 patients were less favorable 
when the homolateral hemidiaphragm was partially or totally disabled at the 
time of operation 
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2 The frequency of spread of disease after thoracoplasty stages was not altered 
by disabihty of the homolateral hemidiaphragm at the time of operation 

3 The incidence of general atelectasis of the homolateral lung after one tho- 
racoplasty stage was 10 per cent in patients with a simultaneous!}’’ disabled 
homolateial hemidiaphragm and 1 2 per cent in patients •with a normal 
diaphragm 


SUMARIO Y CONCLUSIONES 

La Interrupcion del Frentco en el Tratamienio de la Tuberculosis Pulmonar III 
Efecto de una Pardhsis Hemidiafragmdtica sobre el Resul- 
tado de la Toracoplasita Homolateral 

1 Los resultados tardios de la toracoplastia en una sene de 103 enfermos fueron 
menos favorables cuando el hemidiafragma homolateral se hallaba parcial o 
totalmente mcapacitado en el momento de la operacidn 

2 La incapacitacidn del hemidiafragma homolateral no alterd la frecuencia 
de la difusidn de la enfermedad despuds de los distmtos tiempos de la toraco- 
plastia 

3 La incidencia de atelectasia general del pulmdn homolateral despuds de 
un tiempo de la toracoplastia representd 10 por ciento en los enfermos con un 
hemidiafragma homolateral mcapacitado simultaneamente y 1 2 por ciento en 
los que tenfan diafragmas normales 
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PHYSICAL THERAPY IN POSTTHORACOPLASTY* = 

One Year’'; Notes and Obsenntlons 

j\con GOLDnnuG, iuli'ii rnirDi.\NDER, luinn b doppelt, 

ASD D0R01I1\ E MILLER 
(Rcccixcd for publication lanuarj G, 1010) 

Gl VKIUI. CONSIDERATIONS 

The rclatt\c ]3 recent cmplojTOcnt of phjbical thenipj'- m postflioracoplasty 
V ork lias prompted its to keep careful rctonls and to recount our notes and ob- 
senations m tins report, in order to supplement m detail the excellent articles 
(5, G, 7, 10) alrcadj- published on the subject 

The work was earned out m a G19 bed Veterans Administration hospital for 
tuberculous patients 

The purpose of the •^tudj’ was to obscn'c the skeletal and the muscular func- 
tion changes winch result from the thomcoplast 3 ’- operations and to determine 
whether these changes can be prevented or minimized to an 3 extent Towards 
these ends the patients’ chest roentgenograms were studied to note spinal de- 
xnations In addition, photographs were taken preoperativel 3 ', between stages, 
and postoperative^’, and postural examinations w ere made along wath the photo- 
graphs jMuscle function tests were done in a limited wa 3 ’ dunng the ph 3 ’'sical 
thcrap 3 program in order to compare the muscle function on the operated side 
avith that on the nonoperated side More complete information about muscle func- 
tion was gamed from those thoracoplast 3 ’ patients W’ho were on the ambulant 
ward and whose work tolerance pemutted more detailed axamination 

Dunng the 3 'ear October 194G to October 1947, 60 patients w’ere seen Of this 
number 21 patients had already undergone surgerj’ when the present program 
of ph 3 ’sical therap 3 ’ was started in October 1946 These 21 patients ranged from 
one x\ho had the first surgical stage fourteen months previously to those who 
were still imdergomg further surgerj’ Included m the total w’ere 7 patients who 
had surgery at other Veterans Admmistration hospitals and who came to this 
hospital for con\ alescent care While w e are not entirely familiar with the phys- 
ical therapy given those w ho w’ere not under our care from the start, the photo- 
graphs taken and the chest roentgenograms of these patients studied did help 
us to find out, wathout considenng their previous physical therapy, what changes 
may result from thoracoplastic operations 

The patients w ere all males ranging in age at the time of surgeiy from 21 to 
53, with an average age of 33 Shghtly more than 50 per cent w’ere m the 20 to 
29 age group 

* From the Phjsical Medicine Rehabilitation Service, Veterans Administration Hospital, 
Castle Point, New York 

= Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions 
expressed or the conclusions drawn by the author 
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Fig 1 The skin incision starts at the base of the neck between the spinal column and 
the scapula, proceeds downward and curves under the inferior angle of the scapula at about 
the level of the eighth rib, and terminates at the mid-avillary line 

Fig 2 The incision through the first lajer of muscles cuts through the trapezius and 
the latissimus dorsi 

Fig 3 Through the second laj er of muscles the incision traverses the rhomboideuvs 
minor and major and the lower digitations of the serratus anterior near its insertion 

Fig 4 Shows the defect resulting from the removal of several ribs including the trans- 
verse processes to which they are attached The overlying and adjacent structures ha\e 
been omitted for convemence of illustration Actually the periosteum and its muscular 
attachments remain on the chest wall The erector spinae muscles are retracted medially 
during the operation and portions of this muscle group are separated from the parts 
resected 
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PJjoto^r'phs notcf-, nnd ob«or\ations nimlo on tho onginal 00 patient? tub- 
sequcnl to Oclot'Ci 10 }7 and up to the final draft of lln« article ^\Ill bo included 

Tur Tnoi>\coi’ii\Em rnoccDunn 

A bncf dc^-cnption of n tboracophM\ operation follow s to acquaint tlio readers 
with the ’^tnicture*-' imolvcd and the pobtoperatn c phv'Jical therapy problems 
cncountcnxl 

V thcimcopla-'U con5i‘:(^ of i ruhiicno'^tcal rc-icction of rib^ for the purpocea of perma- 
nent h coIKp'^ini, ilie clicsl w all in order to rrlnx (he iunj; or to obhtcr itc an enlp^ cma space 
Surfrer\ is jKrfoni cd in one to foiirst iRes.dcpemlitiBon the site of the cavil% If the c i\itj 
in the lung IS in the apex, onh one or two stages ni n be neccasarj Lesions situated lower 
in the lung max require up to four stages and the resection of ten ribs The usual surgical 
procedure at tins hospital inxolxcd a sex on rib rejection done in three stages The first 
three ribs are rc'cctcd during the first stage llibs 1 and 5 are remoxed during the second 
stage, and the next two nbs arc taken at the third stage Multiple stages, or operations, arc 
done to lessen the cfTccls of surgical shock and paradoxical respiration, and therebj to 
reduce the opcratix e risk 

It should be noted that nothing is done to the iffectcd lung itself Bj rcmoxing the 
supporting nb slniclurc the chest wall collapses and the undcrljing lung is permitted to 
relax and conform to the ncwlx contoured chest wall Compression bj the shoulder girdle 
and scapula also plaxs a part in delineating the new contour of the chest wall 

The thoracoplastj procedure (figures 1,2,3, 4) consists csscnliallj of an incision starting 
at the base of the neck, between the spinal column and the xerlcbral border of the scapula, 
and proceeds downward between these structures, curxing outwardlj under (he inferior 
angle of the scapula and terminating at the mid-axill irj lino (figure 1) The first lajcr of 
muscles incised arc the trapezius and the latissimus dorei (figure 2) The second muscular 
lajcr consists of the rhomboidcus minor and major and the digitations of the sorratus an- 
terior (figure 3) Then the xerlcbral border of the scapula is lifted and the origins of the 
Ecrratus antenor muscle arc separated from the upper five or six ribs Tins permits the 
scapula to be retracted latcrallj The erector spinnc muscles arc retracted mcdiallj'' and a 
subperiosteal nb resection is done, including the transxcrse processes The penostcum and 
the muscles separated from the resected structures remain on the chest w all Bone regenera- 
tion starts from the periosteum, forming a firm, ncwlj -contoured chest wall and maintain- 
ing the lung in a pcrmancntlj collapsed position The entire process of nb regeneration 
requires about four months 

Figure 4 shows a chest from which several ribs and vertebral transverse processes haxe 
been removed The muscular structures haxo been omitted for convenience of illustration 
The muscles which arc separated from the resected skeletal structures soon reattach them- 
Bclxcs to the adjacent tissues 

Some of the affected muscles about whose functions we are concerned are the trapezius, 
latissimus dorsi, rhomboidci, serratus anterior, pcctoralis major, erector spinae, and the 
Ecalem group 

The stages of surgerj are usually performed tw o to three weeks apart, gaming entrance 
into the operative field bj excision of the prcx’ious incision soar It should be noted here 
that the same muscle laj ers are incised at each stage 

PHYSICAL THERAPY 

The physical therapy progiam as given here represents a compromise between 
rest and exercise Most of the patients undergoing a thoracoplasty have active 
symptoms of tuberculosis and for them the desired regimen is rest There are 
some undesirable postoperative sequelae, how^ever, such as skeletal deviations 



192 


GOLDBERG, FRIEDLANDER, DOPPELT AND SIILLER 


and muscular and jomt dj'-sfunction of the shoulder girdle on the operated side 
The physical therapy program entails the mmunum specificallj’- localized activity 
which mil accomphsh the desired results These are an active full range of shoul- 
der girdle movements, maintenance of muscle tone m the surgical area, and the 
presen’^ation of a symmetncal bodily alignment 

Linduff (7) recently described the physical therapy procedures for chest sur- 
gery conditions, among them thoracoplasty Our methods follow closely those 
of Linduff, being somewhat modified to meet the reqmrements of the staff sur- 
geons Whenever a question has arisen as to any particular activity being too 
strenuous, the choice has always been m favor of less activity 

Bnefly, the following is an outhne of the physical procedures used in post- 
thoracoplasty 

Preoperaiive 

1 A preoperative photograph, posterior view, is taken as a basis for comparison with 
the postoperative photo 

2 The patient is made acquainted with the postoperative problems 

(a) pain and soreness of the affected muscles, interfering temporarily with the 
shoulder girdle movements 

(b) the possible skeletal deviations which may result from surgery are mentioned 
and the patient is told how to guard against them 

3 The patient is shown the specific local exercises he will do postoperatively and he per- 
forms them as demonstrated by the phj'sical therapist 

(a) glenohumeral and shoulder girdle movements 

(b) diaphragmatic breathing 

(c) mild abdominal exercise consisting mostly of pelvic tilting for postural correction 

4 Correct bodily alignment in bed is stressed 

(a) head and neck straight, especially after the first stage of surgery when the head 
and neck tend to deviate laterally towards the nonoperated side 

(b) shoulders level, the tendency being for the shoulder girdle to elevate on the oper- 
ated side 

(c) the main body masses, head, thorax, and pelvis should be maintained in a straight 
line 

Postoperative 

1 The body alignment is checked in bed as soon as the patient is free from the effects 
of the anesthetic Caution is exercised so as not to interfere with nursing care 

2 Diaphragmatic breathing is started early to encourage relaxed breathing Chest ex- 
pansion IS avoided so as to facihtate pulmonary collapse 

3 Active assistive exercises are given consisting of 

(a) the normal glenohumeral movements 

(b) horizontal abduction and adduction of the humerus 

(c) abduction and adduction of the scapula 

(d) depression of the shoulder girdle 

(e) combined movements of adduction of the scapula and hyperextension of the 
humerus 

The movements of adduction of the scapula, alone and combmed with hyper- 
extension of the humerus, are done in the prone-lymg position when the patient 
IS able to turn over All other movements are earned out m the supme-lymg 
position 



rin-'iiM Tiiihwx J\ i*o^riiioi!\r<ii’i \sTi 


m 


/’WjJ J-t 

'1 lio <‘\< n iM - ir< iiMiilK '■t iri< <l \\ith ifi ‘-»nn<‘<)n’‘- ijijiiux \!, on tlio llnul 
pti'tojM'ntiv t‘ <1 1 \ llu' juiunt i-- hi''l mule (ninfoiiiblo in tlu* Mipnu‘-1\ inp; 
po'Uutn In plumn i pillon un«l( t llu Kiui-' uni if m-ci'-- ir\ , ono uinloi tlu' 
lionl r It h nun I nu m J- poifnnmxl h\ tin pttn'iil fni ln> i*- ihli' uni then 
i« tv-n-UHl to till' jniint n itlun tin' ttilnrun ( of p un 1 u h nunimont is done twn o 
at fir^t 1 unlult (T't '•tnim"-!'- tint it tin cini of iho ^incnth tin oicli ('xciti^c 
m i\ ho jn ifnnntxl ii\o tiim'", twn f i tl i\ Sun <• the omplnsi'- at oni ui'-titution 
i'. on nunnmnn uti\it\ the in iMimim fm < leh esertue is thiee tune'', ontt* a 
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Ihc possible postlhoricopl.ist\ < hinges nun bo duidetl into two eatogoiies 
Ecoho«is with its eoinoinitint shclet d thanges, inel skeletal dcM'itions of the 
shoultlci giixile and tlnnges in muscle fune tion as iclatcd to the snigicnl tiauma 

iSVohejsis and ConcomiUinl SLclclal Changes 

Scohosis, in gcnei d, m iv be ciusetl hj any one of sc\eial conditions, among 
them thoneoplistj Itcgudlcss of the cause, the mechanism for the develop- 
ment of scoliosis IS the <5imc We shall considci hi-st the gcneial chaiactenstics 
of scoliosis and then i elate these chai ictciistics to postthoi neoplasty findings 

Lo\ett (S) desciibcd the moicments of the spmal column as four m numbei 
flexion, extension, 1 ilei il flexion, and lotalion Consicleung onlji- the dorsal and 
lumbal segments foi the moment, flexion and extension of the spine aie essentially 
mo\cments of the lowei two doisal and the lumbai veitebiae Lateial flexion is 
also most fice m this aiea Rotation is piimaiilj'' a movement of the doisal spine 
Actually, 1 iteial flexion and lotation aie tw'o elements of a compound movement, 
one usualh accompmies the otliei 

Lovett (S) explains the leason for the two movements, lateral flexion and 
rotation, acting togcthci on the basis of the mechanical law that governs flexible 
rods When an attempt is made to bend a flexible lod in tw'o planes at the same 
time, a twastmg oi lotation of the lod will lesult In the case of the spinal column, 
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which, may be considered a flexible rod, it is normally bent or curved m the antero- 
postenor plane If a bend m the lateral plane is imposed upon it, it wall cause 
the spme to twist on itself and the twistmg will take place most markedly m 
the area which permits the freest rotatory movement, the dorsal spme. When, 
for any reason, the spme habitually assumes this position of bendmg in two planes 
at the same time, certam structural changes take place, the most pronounced 
bemg a lateral curvature of the spme with vertebral rotation towards the con- 
vexity of the curve 

Accompanying the lateral curvature of the spme are certam charactenstic 
skeletal changes The rotation of the vertebral bodies towards the convexity of 
the lateral curve carnes with it the thoracic cage, causmg it to bulge laterally 
and postenorly The shoulder girdle on the convex side of the curve will usually 
be elevated and the head and upper cervical spine will tend to counterbalance 
by tiltmg shghtly towards the high shoulder girdle Compensatory changes are 
often evident lower in the spinal column, characterized by a laterally prominent 
and antenorly rotated pelvis on the side contralateral to the promment thorax 
(figure 5) These are the most promment skeletal changes associated with scohosis 
and they are to a vanable degree what is seen m postthoracoplasty patients 

The direct cause for the scohosis resulting from thoracoplasty is a mechamcal 
imbalance created by the traumatization and weakening of the trunk muscles 
on the operated side and by the nb resection In a seven nb resection, with the 
transverse processes removed, a number of muscles lose their pomts of ongm, 
some their msertions, and others both their ongms and msertions Among the 
latter group of muscles are the mtercostals which ordmanly exert a balancmg 
force on the nb cage and indirectly on the spinal column The net result is a 
lateral bending of the spine towards the stronger, nonoperated side 

Scohosis was a common findmg in all our thoracoplasty patients, as seen on 
the chest roentgenograms and on the photographs with spinal markmgs Not 
always was the scohosis evident to the eye from examination alone Some pa- 
tients, except for the scar, showed httle outward manifestations of the thoraco- 
plasty In these cases the scohosis was of shght degree and the outer integument 
covered over quite well the underlymg skeletal structure, givmg the appearance 
of a symmetncal body Most of the patients, however, showed vaiymg degrees 
of skeletal deviations, dependmg upon the seventy of the scohosis 

The first sign of scohosis, as observed on the chest roentgenograms, is evident 
after the first stage of surgery m the cervical and upper dorsal region The lateral 
curvature resulting from thoracoplasty is always convex to the operated side 
(figure 6) 

After the first stage there may be a noticeable elevation of the shoulder girdle 
on the operated side with the arm adducted closely to the thorax An elevated 
shoulder girdle on the convex side of a scohosis is qmte common It may be 
exaggerated because of the pressure and bulk of the compression chest bandage 
The upper trapezius, pectorahs major, and latissunus dorsi are often contracted, 
probably a reflex attempt on the part of the body to sphnt and protect the op- 
erated area Parts of these muscles are also mvolved in the surgical procedure 
which is undoubtedly a cause for their mcreased tension 
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As the stages of surgerj-- pi ogress, there is often a noticeable increase m the 
lateial curve in the cenucal and dorsal regions, as noted on the chest roentgeno- 
grams On clinical examination the remaimng nbs on the operated side vrill often 
shoA\ greater angulation laterally and they ma}’’ also be rotated postenorly, de- 
pending upon the seventy of the scohosis The pelvis on the contralateral side 
IS prominent laterally and ma}’’ show a rotation antenorly, the latter mdicating 
a compensatoiy lumbar curve (9, 11) 

'\bewed postenorly in the standing position, the head and cervical region de- 
viate tov ards the nonoperated side and the trunk and shoulders appear to be 
displaced laterally towards the operated side, at an obhque angle (figure 6) 

With or nithout the benefit of ph3'sical therapy, the scoliotic changes seem 
to take place within a short time, starting soon after the first stage and are ^ ir- 
tually completed shortly after the last stage To what extent physical therapy 
can minimize the scohosis has not as yet been determined However, the scohosis 
is not a progressive condition Chest roentgenograms taken soon after the last 
stage compared with those taken a year later show no appreciable change in the 
spinal deviation 

The chest roentgenograms available to us showed only the lower cervical and 
entire thoracic spine From these films it was noted that the apex of the lateral 
deviation was usually somewhere in the area of the fourth to sixth dorsal verte- 
brae There was undoubtedly a compensatoiy cun-^e lower m the spine m many 
of our patients, as evidenced by ex-temal pelvic alterations 

Shoulder Girdle Changes 

Skeletal It has already been noted that accompanying scohosis there is usually 
a shght elevation of the shoulder girdle on the operated side The elevation may 
be temporanly increased by the compression bandage and by contracted muscles 
reflexly sphntmg the operated field The shoulder girdle ma}’- also be forced into 
a high position by a “hangmg up,” as the patients express it, of the scapula on 
the uppermost intact nb This may occur after the removal of five to seven nbs 
and IS common after the second stage, less common after the third The upper- 
most unresected nb forms a shelf structure and the infenor angle of the scapula 
comes to rest upon the intercostal muscles nhich are in intimate contact mth 
the shelf The scapula at rest or dunng movement ma}'’ cause mechanical irn- 
tation and pam, and the patient may elevate the girdle still higher to prei'ent 
the irntation This phenomenon is often transitoiy in nature, subsiding after 
the next stage of surgery When no more stages are contemplated and the irn- 
tation persists, a partial scapulectomy may be done in which the distal half of 
the scapula is excised The present practice is to do the partial scapulectomy 
with the last stage when it appears that the inferior angle will be a hindrance 
to comfort and shoulder girdle functiomng 

Occasionally the shoulder girdle persists in its elevated position even after 
the underlymg cause is reheved Alaxander (1) attnbutes this to “organization 
of fibrous tissue m the field of operation beneath the scapula ” 

With an elevated shoulder girdle one usually finds a deepening of the supra- 
clavicular fossa 
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Vnothci eommou finding ib an anleiioi displacement of the bhouldei gndle 
on the opeiatod side (fignic 10) The dcpicssion of the chest wall, obseivable 
inteiioilv and postciioih (hgincb 11, IG), cieated by the lesection of iibs, pei- 
mils the sc ipnU to mo\e foiwaid into the dccoslahml aiea, caiij’'ing AMth it 
the tl i\ icle and hnmcuib Tins fon\ ud displacement seems to place the scapnlai 
musclcfe at i mcch lined di^^ichantagc m ccitaiu of then moiements, especially 
adduction 

Some degice of shoiildei gndle clcvition on the opciated side iias evident m 
manv of oiii pitients The anteiioi displacement of the gndle, iihen noted, vas 



Firs a, 10, 11 \. 41 \c u old p Uiont, who had i 2 st ige, 7 nb lesectiou at another msti- 
tution, presents seicial interesting points 

Fir 9 (Loft) Shows a mild, well compensated lateial cuivature Mith a slightlj elevated 
right shoulder girdle Patient’s liiston icccalcd a pieoperativc spinal cuivature conve\ to 
loft in doisal legion, ind a postopervtue wound infection aftei second stage, necessitating 
strapping of aim to side foi about si\ weeks When patient lepoited for convalescent care 
he displaced tightness of pcctoralis major and latissimus doisi on right, with limitation of 
glenohumeral joint in flc\ion, ibduction, and external rotation Patient also complained of 
paiii 111 legioii of right inferior angle of scapul v, which was probablj mechanical iiritation 
between the latter and the eighth nb and possiblj the cause foi the elevated shoulder 
girdle on light side The preoperitive curvature convex to left now appears as a mild light 
ceiMcal doreiljleft dorsal-lumbai curve 

Fig 10 (Centie) A lateral view of same patient showing forward displacement of 
shouldei gndle on operated side 

Fig 11 (Right) \nteiiorview of same patient showing depiession in right mfiaclavicu- 
lar legion due to resection of ribs, and a deepening of the supraclavicular fossa 

bttle influenced by the exercise piogiam and seemed more a natuial consequence 
of the siugical pioceduie 

Muscle function changes After each stage the movements of the humeius away 
fiom the body aie somewhat limited beyond a light angle The contracted ad- 
ductois, the pectoialis majoi and latissimus dorsi, limit the lange of movement 
As tieatment continues, greatei lange is gradually attained 

A phenomenon frequently observed in those who had had three or more in- 
cisions through the trapezius, w’as a noticeable movement of the scapula upward 
and away from the body when the aim was abducted (figure 14) The supeiioi 
angle of the scapula w ould use above the outline of the shoulder and the vertebral 
border move somewdiat posteriorly away fiom the chest wall This is similar, but 
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Fig 12 (Uppci left) ^ 2-1 \e ir old p itiont ^\lth i2st iRO.o rib resection The left shoulder 
girdle IS quite notice ibh elc% ited, ilmost ohhtoriting the norm il neck contoui In•^blllt^ 
to depress the shoulder giidlc is due to the sc ipul i sitting on the shelf formed bj the si\th 
rib Glcnohumeril mo^ements limited to 00 dcgices in flcMoii iiid ibductiou 

Fig 13 (Uiipei right) Sune p iticnt is in figure 12, four weeks sfter a piiti il scipulec- 
tomj was pcrfoimcd Left slioulder giidtc has returned ilmost to a ic\ci position lud the 
necklines iregrcath implored in ippeiiincc Glenohumeral mo\ ements arc now freer with 
some pain persisting in the uppei leaches of abduct ion 

Fig 14 (Lowci left) Same p iticnt as in figuics 12 and 13, with arms abducted to i right 
angle Kotecler itedsupeiioi ingle of scapula ind postcuoi protrusion of icitcbril border 
of scapula, loft, indic if mg we ikcncd tripenus 

Fig 15 (Lowci light) Siine piticnt is in figure 14, with arms ibductcd beroiid right 
angle Aim on opoi ited side has mor ed tow aids fle\ion ind is limited about 40 degrees short 
of full abduction Aim c in be mor ed p issirelj to full i inge 


to a lessei degiee, to u Jiat Wiight (12) noted in a case of paiah sis of the tiapeznis 
muscle In the case of the thoiacoplastic patient, it leptesents a weakened tia- 
pezius The movement of flexion of the glenohuraeial joint elicits the same le- 
action of the scapvila As the movement of abduction continues beyond a light 
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angle, in these patients, the arm tends to move in the direction of flexion, and 
active abduction may be limited twenty to thirty degrees, and sometimes more 
(figure 15) Passively the arm can usually be moved to the completion of full 
range The serratus anterioi may share to some extent in the disturbed function- 
ing of this movement since it acts on the scapula in conjunction -with the tra- 
pezius One of our surgeons has noted that the trapezius frequently is adherent 
to the scar of the deeper muscles and of the subcutaneous incision It is his opin- 
ion that this may be a cause for the disturbed functioning of the trapezius 

In spite of the limitation of shoulder movements m the upper ranges, when 
they are tested routinely several months after the last stage of surgery, they 
display good or normal strength as compared mth the nonoperated glenohumeral 
joint 

The rhomboideus minor and majoi muscles often show up their weakness in 
those movements in which they paiticipate, especially when the movements are 
resisted Normally one of the functions of the rhomboidei, together with the lower 
fibers of the trapezius, is as a stabilizer of the scapula m adduction or extension 
of the humerus As a result of surgical mcision durmg each stage the stabihzmg 
action is impaired and the corresponding glenohumeral movements are weak 
and unsteady Moreovei, adduction of the scapula, a prime movement of the 
rhomboidei, is similarly involved 

Commonly associated with an elevated shoulder girdle are contracted upper 
fibers of the trapezius 

Patients often complain of a sharp pain or a persistently dull pain, aggravated 
by certam shoulder movements The site of pam may be in the area of the shoulder 
jomt, or along the medial or lateral aspect of the arm, or mtercostally, or at the 
hne of mcision Pam may be directly attributable to the section of some small 
nerves dunng surgery and it persists for vanable lengths of time 

Factors Related to the Degree of Scoliosis and Concomitant Skeletal Deviations 

From the start we have been particularly impressed by the difference between 
our patients m their external physical appearance after havmg been subjected 
to surgery The question arises, “Why is the cosmetic result better in one patient 
than it IS in anothei?” Rather biiefly and inconclusively we shall consider those 
factors which m our opinion seem pertinent 

Exercise 'program The exeicise progiam has three mam purposes (a) main- 
tenance of full range of active motion of the shoulder girdle on the operated side, 
(b) maintenance of muscle tone m the surgical area, (c) preservation of a sym- 
metncal bodily ahgnment 

Barnng complications winch limi t physical activity, such as v ound mfection, 
cardiac dysfunctionmg, or spread of the disease, the exercise program mil usually 
accomphsh the first tv o objectives At least the two objectives will be attained 
to the point that a degree of useful functiomng sufficient for every’' day purposes 
mil be present Concemmg the tlnrd objective, the preservation of a symmetrical 
bodily’ ahgnment, there are probably other factors which affect the end result, 
and these factors will be taken up m turn But v e must assume m all cases that 
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tlie objectives can be attained if we are to obtain the maximmn results from 
phj’^sical therapy The minimization of the skeletal deviations, by mstruction in 
proper bed positiomng, is more effective than the later attempt at correction. It 
IS estimated that it requires about three weeks for the detached muscles to re- 
attach themselves, and about four months for the nbs to regenerate Dunng this 
time, which means between stages and for about four months followmg the last 
stage, the patient needs to be constantly reminded and assisted in keeping the 
body m good ahgnment And the same is true when the patient becomes am- 
bulant 

Age At first it seemed that the younger patients, particularly those under 25 
years of age, developed a greater degree of scohosis than the older patients But 
this was found not to be true Our youngest patients were 21 years old At another 
institution we visited, where there were patients younger than 21, it vas the 
opimon of the staff physicians that the scohosis was greater in this younger age 
group, although older patients may and do develop the condition to a similar 
degree 

Cleveland (2) studied a senes of 6 children with thoracoplasty and compared 
them to a typical adult thoracoplasty patient The children (average age 14 
years) developed a lateral curvature of 25 to 30 degrees one j’^ear postoperatively, 
and the adult, age 25, showed a curvature of 13 degrees at nme months post- 
operatively The adult displayed about the same degree of spinal deviation at 
two weeks postoperatively as at nme months, while the curvature of the children 
tended to increase up to mne months to a year postoperatively and then remamed 
stable One striking exception occurred m a 12 year old patient who progressed 
to a 73 degree dorsal curve over a penod of twenty-one months The author 
states that “the amount of deformity to be expected will vary directlj’- with the 
potential growth remammg m the spme ” 

Alexander (1) perhaps furmshed an additional clue when he stated, "the 
anatomical changes tend to be greater m young persons with elastic chests and 
undeveloped muscles than in well-developed adults whose chests are relatively 
ngid and stable Poorly developed adults react much as children do ” 

Nature of Surgery It can be stated with reasonable safety that a one stage 
thoracoplasty will show less skeletal defect than a thoracoplastj'^ of two or more 
stages The more nbs resected, together with the removal of the transverse proc- 
esses, usually makes for a greater lateral curvature 

Seven nbs may be resected m two or three stages The number of stages will 
influence the strength of the musculature mvolved, especially those muscles which 
are mcised at each stage 

The excision of the vertebral transverse processes makes for a better collapse 
of the lung, but at the same time it seems to mcrease the scohosis At twm other 
institutions we have noted that the transverse processes are not disturbed, or 
are only partially removed, wnth apparent lessemng m the degree of scohosis 
The small intertransverse muscles and hgaments and the muscles of the deep 
layer of the back which are attached to the transimrse processes probably exert 
an important stabihzmg effect on the spme 
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Kcionll^ the suigicnl iippioncli lias l)een modified m selected cases The tech- 
nique IS lefouetl to is a muscle split tlioiacoplastv It is used on those patients 
who Ivuc a csMtj high m the ape\ of the lung and who do not leqime the le- 
aection of moie thin file ribs The hist stage incision is peifoimed on a line 
piiallcl to the fibeis of the mid-ti ipeziii'^ iiid the ihomboidei (figure 23) These 



Fig 16 (Upper left) A 28 jear old patient with 3 stages, 7 ribs resected A long, thin 
body often accentuates the existing deviations Photograph illustiates depression of uppei 
chest w all posteriorly 

Fig 17 (Upper right) A 46 year old patient who has had 3 stages, 7 ribs resected The 
heavier, muscular patients often covei over well the existing skeletal deviations 

Fig 18 (Lower) A 28 jeai old patient who went through 2 stages, 5 ribs resected, and 
also a partial sc ipulectomx This illustrates a heavj set, sj mmetricallj aligned patient 

muscle fibers are separated, rather than cut tiansversely, and the posterior sec- 
tions of the uppei five iibs aie lemoved The second stage incision is done along 
the mid-a\illaiy line (figure 24) and the anteiior segments of the first five iibs 
aie lesected This pioceduie is less tiaumatizing and less destmctive to the mus- 
culatuie of the shouldei girdle usuall 3 ’' involved in a thoracoplasty It makes for 
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a better functional end lesult What effect it has on the scoliosis has not as j^et 
been deteimmed The patients on -whom this piocedure has been used aie not 
included in the onginal 60 patients Ave haA-^e studied 

Condition of spine prioi to surgery Among oui patients a\ eie a feA\ a\ ho, pieA lous 
to smgei3% had deAmloped a fibiothoiax, and the thoia\ A\as contiacted ton aids 
the same side This pulling oa ei of the tiunk, maintained oa ei a peiiod of time, 
caused a scoliosis couAmx to the opposite side (figuies 5, 19) It has aheadj'' been 
noted that the thoiacoplasty bungs AAith it a lateial cuiAmtuie conA''e\ ton aids 
the opeiated, affected side When the tn'o piocesses aie combined, the fibiotic 
scoliosis and the thoracoplastj scoliosis, the lesult is a mild, compensated cm Am, 
commx to the opeiated side in the ceuncal-doisal legion and conAm\ to the op- 
posite side in the doisolumbai legions (figuies 9, 20) The thoiacoplastj tends 



Fig 19 (Left) Preoperitive photograph of a 26 jear old patient showing a curvature of 
spine, convex to left Right fibrothorax has caused the trunk to bend laterallj to the right 
Fig 20 (Right) Same patient as in figure 19, after a 3 stage, 7 rib lesection The later il 
curvature of the spine has changed to a mild right cervical dorsal, left dorsal -lumb ir curve, 
and the patient is fairlj well aligned 

to counteract the fibiotic contiactuie, minimizing the lateial cunatuie The 
same is tme in cases of empjmma 

Morphological type We have alieady quoted Alexandei’s statement to the 
effect that adults aa ith pooily developed muscles tend to sIioaa gieatei anatomical 
changes than do a\ ell-detmloped individuals In geneial, A\e hatm noted that tlie 
thin, asthenic mdiAudual sliOAASup pooiei than the stocky oi lieaAy set, miisciihi 
one While theie ma}’’ not abi ays be a gi eater degiee of scoliosis and accompanA mg 
changes in the thin patient, there is quite often an accentuation of the existing 
dcAiations (figuies 16, 21) The thin patient’s bodilj’’ contoui-s me moie shmply 
defined, Aiheieas the lieai'y set patient fills m and coAmis oA'ei the hollows and 
piomineiices cieated bA"^ suigeiy (figures 17, IS) 

Personality It aa oiild be altogetliei too easj’’ to say that one patient attained 
bettei lesults because he Aias moie coopeiatiAm than one aaIio did not come out 
too AAell, but theie did seem to be some lelationslup, m a fcAA patients, between 
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the peisonal factoi, expiessed m teims of peisonal piide m carnage and bearing, 
and a good outwaid appeaiance (figuies 7, 8) Conversely, theie were seveial 
patients vho expiessed inteiest only in getting iid of then tuberculosis and did 
not paiticuKilj'' caie how thej’’ looked aftei suigeiy, these did not show up too 



Fig 21 (Uppei left) A 29 ^eaI old pitient who lecened a 3 stage, 7 rib lesection Of 
asthenic build, this patient did not caie too much about appeaiance 

Fig 22 (Uppei right) A 25 jeai old patient with a 3 stage, 7 iib resection Somewhat 
heavier than the patient in figuie 21, this patient was similarlj unconcerned about his 
posture 

Fig 23 (Low^ei left) Shows first stage incision of a muscle split thoiacoplastj Patient 
IS 27 years old and has had 5 ribs resected in 2 stages 

Fig 24 (Lower light) Same patient as in figure 23, showing the second stage incision of 
a muscle split thoracoplasti Incision scais h ive been daikened in both photogiaphs 

w'ell (figiues 21, 22) Tliey just did not Jiothci to exeit tlie etfoit necessii 3 '' to 
maintain good bodily alignment in bed and out of bed, wheieas those who took 
piide m then posture w eie constantlj aw aie of it and that in itself w as sufficient 
to assuie full coopeiation 

These statements aie based only on those patients fiom whom w'e lecened 
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some positive pi onouncements of active concern oi of pnssn e acquiescence, and 
the niimbei vas lelativelj" small m eithei case The same piocess maj' hai e been 
at n oik in othei patients nho gave no indication one va3' oi the othei 

It IS difficult to sepaiate the peisonal factoi, oi an}" one of the factois, from 
the othei s vluch influence the end lesult of the thoiacoplastj" 

SUJnLVR\ AND CONCLUSION 

1 Sixtj" postthoiacoplastj' patients veie obseiied duimg a one jeai time in 
a A'eteians Hospital foi tubeiculous patients 

2 The obseivable changes Aihich lesulted fiom thoiacoplastj' veie classified 
undei tvo headings 

(a) scoliosis Avith concomitant skeletal changes of the head and neck, the 
shouldei giidle on the opeiated side, the thoiax, and the peh is 

(b) skeletal deviations and changes of muscle function of the shouldei giidle 
on the opeiated side 

3 An attempt was made to explain the diffeiences m external appeaiance le- 
sultmg fiom thoiacoplast}" on the basis of six factois exeicise piogiam, age of 
patient, nature of suigei}", condition of spine piioi to suigei}", moiphological 
t3’-pe, and peisonalit}" 


SUaiXEIO Y CONCLUSIONES 

La Fisioteiapia en la Postal acoplastta Uii Aiio de Noias y Obsei vactones 

1 Sesenta enfeimos posteiacoplasticos fueion obseivados duiante un aflo en 
un Hospital de Veteianos paia tubeiculosos 

2 Las alteiaciones obseivables debidas a la toiacoplastn fueion clasificadas 
bajo dos encabezados (a) escohosis con alteiaciones esqueldticas concomitantes 
de la cabeza y la nuca, el anillo del hombio del lado opeiado, el toiax 3" h pelvis, 
(b) desviaciones esqueleticas y alteiaciones de la funcidn musculai del anillo del 
hombio del lado opeiado 

3 Tiatase de explicai las difeiencias en el aspecto exteino debidas a la toraco- 
plastia a base de seis factoi es phn de ejeicicio, edad del enfemio, mtunleza de 
la cimgia, estado del laquis antes de la inteii encidn, tipo moifoldgico, 3" peisona- 
lidad 
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CONCERNING THE LOCATION OF PULMONARY INFARCTION^ 

EUGENE I ZINS* 

(Eecencd for publication November 8, 1948) 

Despite the voluminous literature available on pulmonarj’^ infarction, the site 
m the lung most often mfarcted has been commented upon infrequently White 
(1) and others (2, 3) have emphasized that pulmonarj’’ infarcts are usuallj’’ found 
m the nght lung While this opmion is the most prevalent, there is need for re- 
evaluation of factual information and reorientation of physiological aspects 
Herem lies the purpose of this report An appraisal of the location of pulmonaiy 



PERCENT 

Fig 1 Incidence of specific lobar involvement in 100 cases of pulmonarj’" infarction (mul- 
tiple involvement in 60 per cent) 

infarction should be accompanied by an explanation of the mcreased frequency 
of a particular site of mvolvement 

OBSERVATIONS 

The frequency of mvolvement of each lobe of the lungs was mvestigated in 
100 cases of pulmonaiy infarction found at routme necropsy at the Metropohtan 
Hospital m New York City Exammation of figure 1 reveals that m 82 per cent 
of the cases the infarct was located m the right lover lobe The right upper lobes 
and middle lobes contamed relatively few of the infarcts There were more in- 
farcts m the left lower lobe than m either the right upper or middle lobes Never- 
theless, the number m the left lower lobe was less than one-half that found m 
the right lower lobe A total of 119 infarcts were found on the right side vhile a 
total of 42 infarcts were present on the left 

^ From the Department of Pathology, Metropolitan Hospital, New York, New York 

* First Lieutenant MC , AUS 
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DISCUSSION 

The explanation for the right-sided predominence of puhnonai^’" infarction is 
presumably related to the presence of congestion Zahn (4) m 1897 demonstrated 
that pulmonary mfarction was more likely to occur m rabbits after embolization 
m the presence of passive congestion Ifarsner and Ash (5) studied the role of 
stasis m pulmonary infarction m 1912 In a noteworthy paper it was shown that 
hemorrhagic infarcts appeared after the ligation of pulmonary artenes vhen the 
veins likewise Mere subjected to ligation They concluded from the stud}' that 
simple embolism does not produce pulmonary mfarction Stasis is the necessary 
corollaiy and, moreover, the greater the stasis the earlier ■mil mfarction occur 

Patients with cardiac disease n ho are either m acute or chrome failure pro\ude 
an excellent means for the clmical study of the association of passive congestion 
and pulmonary infarction Rxammation of the protocols of 100 consccutiv'e 
necropsies of patients with cardiac disease rev’ealed that 33 per cent had demon- 
strable infarcts This is m agreement with Wlute (3) and Hinds (G) who state 
in recent reports that the incidence of pulmonary mfarction in cardiac patients 
is approximately 30 per cent. 

The importance of stasis in the genesis of infarction following pulmonary em- 
bolism M'as investigated recently from an ex-penmental standpoint bj AIoscs 
(7) Pulmonary emboli w^ere produced by mserting into the jugular veins of 
rabbits wool yam previously soaked m defibnnated blood Compression of the 
thorax, producing congestion, was accomplished with "mde rubber bands A con- 
trol senes of rabbits not subjected to compression of the thorax was likewise 
studied In the latter group, bland embolism without infarction was noted at 
autopsy "V^lien stasis and congestion were produced, hemorrhagic infarcts de- 
veloped These observ'ations stressed the importance of preventing circulatory 
stasis m order to prev ent pulmonary infarction 

Evidence of a confimiatoiy' nature is presented bv examination of the pulmo- 
nary arteiy^ for emboli m the absence of mfarction and congestion It has lx?en 
estimated bj Belt (8) that onlv* GO per cent of emboli cau^o infarction In the 
absence of predisposing factors for infarction, embolization mav not produce 
pathological changes in the lungs 

'llnia, congestion has been shown to be a factor of the greatest importance 
Study of this alteration of nomial phvsiologv affords a pov-ible evplanation for 
the localization of most pulmonarv' infarctions to the lower IoIk’^ and, more' 
particularh, to the right lower lobe 'llic influence of gravitv in the upright po- 
sition IS undi‘^putod in the cauMtion of baSsal congestion SipniGcarl f''ct<f’'=i 
governing pulmonaiy arterial circulation were di'-cuss-d ly DiKk (0) m h’= ai'^- 
cussion of the apical localization of tul)crculo<ic *1110 relation In tw,,* n the nrh, 
vcntncul t pre’-Mire of 20 to 2G mm of mertuiy =tolic and 0 diai-lolic, ard t'^<^ 
intrathontic pressure of — G to —10 -n clcct.ve pulmtm.e a’i/^nal j'-i -- 

sure of 2G to 30 s\v{olic and G to 7 dias'olic Ti f' me n pn '• ire, p-. 
out, IS IG to mm of mcmin nr, n tenn- of ' cm m.n t f 1 lo'»'i, wr. ’ i U Jo 
to 23 cm Ihis pn wim is ‘ainuKnt to rau'-e in act v< Cir.vd t’ua of 5 ’-kv j*. the 
lo,\(>r portions of the lung" but t! e an rv >- - hirh an evf d 
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to the center of the right ventricular cavit 5 ’’, presumably cannot be effectively 
supplied unless the dynamics are altered by puttmg the patient m a horizontal 
position It would follow that a sluggish circulation postoperatively in cardiac 
decompensation, or m a confinmg illness, vould pnmanly cause congestion in 
the lover lobes With the evplanation of hemodynamics given, it is inferred that 
relatively little blood flows through the upper lobes smce patients are seldom 
completely'’ recumbent Therefore, the low incidence of infarction m the upper 
lobes might easily be explamed as a consequence of the low blood supply and 
the resultmg lesser degree of congestion which occurs m this area 

The problem of the predommence of nght-sided infarction remains une'^plained 
but it IS of interest that the congestion of the right lung is usually more severe 
and appears earlier than on the left This is demonstrated m cases of cardiac 
decompensation with hydrothorax The fluid is almost exclusively' situated on 
the nght side Apparent exceptions m which hydrothorax has been noted climcally 
on the left have been explamed at necropsy Adhesions of the visceral and panetal 
pleura m these cases have obliterated the potential pleural cavity on the nght 
preventmg the accumulation of fluid (3) Many hy^potheses have been suggested 
to explam the high mcidenoe of nght hy'drothorax but pulmonary' engorgement 
IS a sine qua non of all explanations (10) Thus an understandmg of the patho- 
genesis of right hydrothorax is of utmost importance m any' discussion of the 
predommence of infarction of the nght lung 

Increased stasis especially on the right side is produced m heart failure as a 
consequence of enlargement of the nght atrium and subsequent compression of 
the right pulmonary vems These vems lie m close apposition to the nght atnum 
and supenor vena cava While compression of the azygous system is important 
m the genesis of hydrothorax, it is not of significance m pulmonary congestion 
smce the vems of the parietal pleura dram mto this sy'stem but not the vems of 
the visceral pleura It is pomted out by Dock (11), reviewmg the anatomical 
factors m right hydrothorax, that patients with cardiac decompensation he m 
the preferred nght lateral recumbent position, causmg a higher venous pressure 
m the nght lung The blood from the nght lung must be lifted to the level of 
the left atrium m this situation while dramage from the left lung is aided Con- 
gestion m the right lung is promoted greatly by this position In the patient 
who develops pulmonary infarcts m the absence of cardiac failure, these factors 
may not be as pertment 

The flow of blood through the pulmonary artery has received attention Scherf 
and Schonbrurmer (12) mtroduced masses of radio-opaque substances mto the 
femoral vems of dogs A majonty of these masses vere seen to lodge m the lower 
right lobe In 2 of their experiments, 3 of 5 masses passed to the identical vessel 
This work arouses speculation as to whether the pulmonary artenes may m- 
fluence preferential flow of emboh to the right lower lobe Text books of anatomy' 
(13, 14) agree that the nght branch of the pulmonary artery is larger and longer 
than the left Small differences m diameter m these arteries may cause great 
differences m the volume flow of blood smce the phy'sical prmciple holds that 
the quantity of a fluid passmg through a tube per unit of time is proportional 
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to the fourth po\\er of the diameter (15) Strict physical laws cannot completely 
govern the division of pulmonarj’’ arterial blood flov because of such factors as 
variability of diameter, distensibility of the arteries, and the angles at vhich the 
arteries branch from the mam pulmonarj'- arterj' Consideration of the influence 
of the greater diameter of the right pulmonaiy arteiy, however, may afford an 
explanation of the fact that emboli seem to lodge more frequently in the right 
lung 

The relation of the dual circulation of the lung to the problem is speculative 
for the most part Consideration of the anatomy, physiology, and pathology of 
the bronchial artery maj’- contribute to the explanation of the predominence of 
right-sided pulmonarj’^ infarction As a rule, there is only one bronchial artery 
to the right lung which arises from either the first aortic intercostal artery or 
from the left bronchial arterj'^ In contrast, on the left side there are two bronchial 
arteries arismg from the thoracic aorta (13, 14) The blood supplied through the 
bronchial arteries to the right lung is thus not as great as to the left lung This 
quantitative difference is of questionable major importance but it may be of sig- 
nificance as a contributory factor in the localization of pulmonary infarction to 
the right lung 

In various pathologic conditions, the bronchial arteries may mcrease m size 
and carrj’^ a considerable portion of the blood to the lung Virchow (16) first 
demonstrated tliat after obstruction of a pulmonary artery there was an m- 
creased bronchial artery development By mjectmg radio-opaque substances 
into the bronchial artenes of cadavers and then examining the state of the arteries 
m various diseases, Wood and 3\Iiller (17) discovered that m lesions of the pulmo- 
naiy vascular tree and m cardiovascular diseases, numerous bronchopulmonary 
arterj'^ anastomoses developed The anastomoses widened m all cases of mcreased 
pulmonarj'^ venous pressure Therefore, where the lung is predisposed to in- 
farction by being severely congested, the bronchial artery supplies an mcreased 
portion of the blood to the lung It is possible that, because of the additional 
bronchial artery, the circulation to the left lung is more strongly fortified than to 
the right Obstruction of a smaller branch of the pulmonary artery on the left 
might not result m infarction while an embolus to a similar vessel on the right 
would result m the pathologic changes of infarction 

The development of the bronchial artery progresses further m cases which are 
chronic Wood and Miller found that in cases of far advanced pulmonary tuber- 
culosis the bronchial arteiy was greatly enlarged The mcrease of blood flow 
through the bronchial arteries m advanced tuberculosis would lead one to ex- 
pect a low mcidence of pulmonary infarction To compare the frequency of pulmo- 
naiy infarction m tuberculosis to our general mcidence of approximately six per 
cent of necropsies, protocols of 200 cases of advanced pulmonary tuberculosis 
were studied In this group, not one case of pulmonary infarction occurred 
Recently Fox, et al (18) studied 2,182 postmortem exammations m a hospital 
devoted completely to the treatment of tuberculosis In this large series, only 
22 cases (one per cent) of puhnonaiy infarction were diagnosed They remark 
that this is a strikingly small number m an mstitution where bed rest is a funda- 
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mental therapeutic procedure They explain the rarity of infarction in three 
ways (1) the relatively young age group of the patients, (2) the exceedingly 
small number of patients in cardiac failure, (S) tlie predominant pathologic 
findmg of thrombophlebitis which is said to embohze less frequently than phlebo- 
thrombosis 

There are undoubtedlj’’ other factors which influence and are responsible for 
tins low incidence m tuberculosis The changes m the bronchial arteries, how- 
ever slight, invite speculation If alterations m these vessels are responsible, in 
part, for a low mcidence of infarction in tuberculosis, other conditions may also 
be effected similarly Follownng this reasoning, the supenor distribution of the 
bronchial arteries to the left lung ma}’’ prevent so frequent infarction as on the 
right, where only one bronchial arterj’- is present 

A better understandmg of the pathologic phj^siology of pulmonary infarction 
and the reasons for its more frequent occurrence m the nght lower lobe is essential 
for a rational approach to prevention of the phenomenon With more attention 
focused on the reversible physiologic factors that are mvolved m the pathogenesis 
of infarction, necrosis of the pulmonary’- parenchyma might be avoided m some 
instances 


SUMMARY 

It IS shown that pulmonary infarction occurs most frequently m the right lower 
lobe For many years, stasis m the pulmonary vascular sj’^stem has been recog- 
nized as the primary predisposmg factor m the development of infarction By 
chnical and experimental mvestigation, confirmation of this fact exists In- 
creased congestion in the right lower lobe seems to account for the prevalence 
of mfarction here The pathological phj'siology which causes more pronounced 
stasis m this lobe has been review'ed Other factors which ma}' be of significance 
m the predommance of right lower lobe infarction have been considered Among 
these are the preferential flow of emboli to the right low^er lobe and a comparative 
decrease m bronchial arterj’’ blood supply to the right side The rarity of 
pulmonary mfarction m tuberculosis is emphasized and explained m so far as 
it may have bearing on understandmg the genesis and localization of pulmonaiy 
infarction m the right lower lobe 

SUMARIO 

Sohre la Localizacton del Infarto Pvlmonar 

Es sabido que el infarto pulmonar sobrexuene mfis frecuentemente en el 16bulo 
inferior derecho For muchos anos, ha sido reconocido que el 4stasis del aparato 
vascular pulmonar es el factor predisponente prunario en la produccidn del 
infarto, y as! lo han confinnado las mvestigaciones clfiiicas y experimentales La 
hipercongestidn del 16bulo inferior derecho parece exphear la frecuencia del 
infarto aUf Despu^s de repasar la patofisiologla que ocasiona im estatismo mas 
pronunciado en dicho Idbulo, consid^ranse otros factores que pueden revestir 
importancia en el predommio del mfarto del Idbulo mferior derecho Entre los 
liltimos figuran el paso preferencial de 6mbolos a ese Idbulo, y la comparativa 
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dismmuci6n do h circulacidn dc la artcna bronqinal al lado derecho Recdlcase 
la rarcra del mfarto pulmonar cn la tuberculosis, CKplicdndola cn lo que pueda 
guardar relacidn con la comprcnsidn dc la gdncsis y localizacidn del mfarto en el 
Idbulo infonor dcrccho 
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FACTORS AFFECTING THE IN VITRO CYTOLYSIS OF WHITE 
BLOOD CELLS BY TUBERCULIN^ = 

CUTTING B FAVOUR, PAUL FREMONT-SMITH>, aot JOSEPH M MILLER* 
(Received for publication Apnl 18, 1949) 

INTRODUCTION 

Smce Koch first introduced tuberculin as a “cure” for tuberculosis, much at- 
tention in the cbnic and laboratoiy has been devoted to tbe role wbicb tbe tuber- 
culin type of allergy plays in buman tuberculosis Although a similar l^’pe of 
tissue reaction occurs foUowmg sensitization to substances from manj'- other 
bactena or parasites and has been studied m the field of sensitization to simple 
chemical compounds (1), the tubercuhn tj^ie reaction stiU is taken as the proto- 
type of the delajmd tjTpes of tissue hj^persensitivity 

The now classic tissue culture studies of Rich (2, 3, 4, 5) have shown that the 
tubercuhn reaction is m some waj’’ related to the white blood cell tjTpes of the 
host In vitro cultures of splemc explants from tuberculous gumea pigs, grown 
in plasma from normal animals, are destroyed by amounts of tubercuhn non- 
toxic for normal animal tissue cultures On the other hand, explants from ana- 
phylacticall}’’ sensitized animals are not damaged w'hen exposed to homologous 
immune serum of sensitizing antigen (6) hlore recentl}’’ Landstemer has shown 
that the delayed type of sensitivitj'- is transferable to a normal host when cells, 
but not serum, of a sensitized animal are used (1) Chase (7) and others (8, 9, 10) 
have extended this techmque to the tubercuhn reaction itself, thus still further 
imphcating the white blood cell and not a serum antibody as the mediator m the 
tubercuhn type reaction 

When the effect of tubercuhn on white blood cells is studied in fluid suspensions 
rather than m the fixed cell masses of the tissue culture techmques, a similar 
cytotoxic effect of tubercuhn is observed (11) Although this destructive effect 
of tubercuhn on white blood cells has been noted on selected cases of human 
tuberculosis (12), httle is known concemmg the chnical conditions under which 
this phenomenon may be present The present report is a study of a larger group 
of tuberculous subjects, as well as persons with other acute illnesses, by means of 
such an tn vitro tubercuhn cytolysis procedure The findings m these patients 
constitute the bodj'^ of the report which follows 

> From the Medical Clinics of the Peter Bent Bngham Hospital and the Department of 
Medicine, Harvard Medical School 

- This studj was aided by a grant from the Division of Research Grants and Fellowships 
of the National Institute of Health, U S Public Health Senuce 

’ Francis Weld Peabodj Fellow in Medicine 

* Research Fellow in Medicine, Harvard Medical School, Fellow, U S Public Health 
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MATERIA.LS AND METHODS 

For the sake of systematization, the patients studied have been grouped ac- 
cordmg to the accuracy of diagnosis and seventy of illness By these cntena, 
the subjects studied fall into five groups 

1 Active tuberculosis with systemic mamfestions (fever, weight loss, cough, 
expectoration) , chmcal and roentgenographic evidence of disease and/or recovery 
of tubercle bacilh on culture 

2 Active tuberculosis with httle or no systemic manifestations (without toxic 
effects), chmcal and roentgenographic evidence of disease 

3 Obscure febnle illnesses with a self-hmited course, positive PPD cytolysis 
test durmg acute phase of illness 

4 Other acute febnle diseases 

5 Normal subjects with and without a positive cutaneous tubercuhn reaction 

Method 

Technique One tenth ml of heparin (Liquaemin 10 mg per ml in 0 85 per cent NaCl) 
and 0 05 ml of 5 per cent dextrose are drawn into a 2 ml syringe Two ml of blood (total 
volume 2 1 cc ) are then withdrawn by venipuncture without stasis, and the blood and 
heparin promptly mixed in the syringe with the aid of a bubble of air A PPD (Purified 
Protein Derivative of tuberculin) (13) solution is prepared by dissolving one 25 gamma 
tablet of PPD m 0 5 ml of 0 85 per cent NaCl (not phosphate buffer)' Old Tuberculin* 0 1 
ml of a 1 30 dilution may be used in place of PPD and will give comparable results (table 
1 ) 

Four tenths ml of the heparinized blood is put in each of two 1 0 cm diameter Kahn 
tubes which have been shortened to 4 cm lengths for ease in white count pipetting and which 
have been coated with organosilicon (14) to dimmish nonspecific cytolysis One tenth ml of 
PPD solution is added to one tube and 0 1 ml saline to the other The tubes are imme- 
diately shaken by hand for three minutes and a white blood count is done with a mechanical 
pipette filler’ and calibrated pipettes Fifteen squares on 2 chambers of the standard hemo- 
cytometer slide are counted These two counts are the five minute counts indicated in the 
tables The tubes are stoppered and rolled slowly in an incubator at 37 °C for one hour They 
may be shaken continuously during this time if a shaker is available or at the end of an 
hour should again be shaken by hand for three minutes before recounting Adequate term- 
inal shaking IS essential for accurate counts Likewise, a minimum constant speed of shak- 
ing the pipette after adding acetic acid, preferably by a mechanical shaker, is desirable 
A positive cytolysis test will show a fall in the white blood count in the presence of tuber- 
culin and not in the presence of saline In the hands of careful technicians who follow these 
precautions scrupulously, the “technical error” can be below 5 per cent (table 5) Detailed 
data on the different groups studied are given to support this conclusion 

Clumping When fresh white blood cells are placed in a noxious envirionment, the neutro- 
phils, especially those of the sick patient, tend to clump together or adhere to surfaces 
This reaction might well be expected since intravital dj e morphological studies of white 
blood cells taken from patients with active tuberculosis show alterations in granular con- 
tent and increased vacuolation (15) In specific tuberculin cytolysis, the clumping tendency 
observed is roughly proportional to the specific cytotoxic effect of tuberculin Appropriate 


* Phosphate or citrate ions will block specific tuberculin cjtoljsis 

* O T was dialyzed for six daxs against frequent changes of 0 85 sodium chloride and 
made up to a 1 30 dilution calculated on the basis of the original x olume of crude 0 T 

’ Automatic suction apparatus, Claj Adams Company 
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TABLE 1 

Group I Active Tuberculosis 


Posiinc Cvlolysts Test 




WBC rxs 

CU UM 

TER CENT 
7ALL 
SAUNE 

ITB CEV 
RAU. 

PPD 

r PPD 

1>ECSE 

MEVT 

cviTVsi:* 

OOIOIEVT 

M S 

2 - 22-48 

n 

-4 0 

-29 5 

-35 

G+,S+ 

Acute exudative pulmo- 


3 - 1 


-4 5 

-27 6 

-23 


narj tuberculosis 

Ro P 

5-24 

3,590 

-0 

-33 4 

-33 4 

S-f 

Tuberculous broncho- 


5-26 

4,200 

-1 0 

-46 5 

-45 £ 


pneumonia 


5-28 

3,740 

-4 0 

-47 St 

-45 fi 




6-lS 

5,060 

-2 7 


-31 3 




6-24 

5,500 

-3 1 

-36 If 

SHE 




6-26 

2,910 

+0 7 

-46 5t 

-45 8 




7-12 






Streptomycin started 


7-22 

5,570 

+1 7 


-IS 7 




7-29 

3,940 

-2 1 

-34 7t 

-32 1 


Poor response to strepto- 








mycm 

A B 

6-18 

6,300 

-1 8 

-27 0 

-28 8 

P]fl + 

Acute pleunsj with effu- 


6-23 

6,800 

-0 5 

-15 1 

-14 6 


Sion 

W C 

6 - 2 

7,390 

-1 0 

-14 8 

-13 8 

S+, G+ 

Acute exudative pulmo- 


6~* 4 

8,600 

-0 3 

-19 9 

-19 6 


nary tuberculosis 

Ri P 

2-18 

3,270 

0 

-2 2 

-2 2 

G- 

Tuberculoma of lung 


6-12 





G+ 

Tuberculoma with cavity 


9-28 

9,360 

-2 5 

-15 6 

-13 1 

G + 

3 months pregnant 


9-29 

6,850 

+0 7 

-14 7 

-15 4 



M M 

9 - 7 

8,130 

-0 7 


-8 9 

s+ 

Acute exudative pulmo- 


9 - 9 

7,030 

+1 0 


-14 3 


nary tuberculosis, far 


10 - 5 

6,490 

+0 5 

-41 7t 

-42 2 


advanced, tuberculous 


11 - 5 

8,700 

-2 2 

-35 3 

-33 1 


bronchitis and larjmgi- 








tis 

H K 


8,050 

-4 1 

-21 8 

-17 7 

s+ 

Acute exudative pulmo- 



6,830 

-0 7 

-26 8 

-26 1 


nary tuberculosis, mod- 


10-14 

6,800 

-0 7 

-22 8t 

-22 1 


erately advanced 


10-16 

4,870 

-0 7 

-14 5t 

-13 8 




11 - 2 

3,360 

-1 1 

-29 7f 

-28 6 




11-15 

6,720 

-2 0 

-29 7 

-27 7 




11-17 

4,560 

-0 7 

-21 7t 

smii 




11-22 

5,960 

0 





G C 

11 - 9 

7,840 

-0 5 

-25 7 

-25 2 

Biopsy+ 

Mesentery adenitis, tu- 


11-10 

8,560 

-1 1 

-31 S 

-30 7 


berculous, rheumatoid 


11-23 

5,650 

+0 7 

-22 4t 

-23 1 


arthritis, active 

T D 

4-20 


-5 6 

-26 5 

Si 

G- 

Acute pleurisy with effu- 


4r-22 

' SfisiSl 

-3 4 

-37 3 

-33 9 


Sion 


10 - 2 

6,150 

-1 0 

■+0 5 

+1 5 


Well 
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TABLE 1 — Continued 



DATE 

WBCpee 
cu mi 

PER CENT 
PALL 
SALINE 

PER CENT 
PALL 

PPD 1 

PPD 

DECRE 
MENT , 

! 

CULTURE* 

COmiENT 

W M 

6-25 


mm 


-31 8 

G- 

Acute pleurisy with effu- 


6-29 


BsH 

-17 4 

-17 8 

Plfl - 

Sion 


7-11 


■HI 


1 


Began streptomycin treat- 


7-14 

fiCWf 


-2 4t 

-1 5 


ment 


^ 7-22 


HI 

-f-1 2 

+1 2 



M E 


6,510 

-9 9 

-36 7 

-26 8 

G-, S- 

Acute exudative pulmo- 



5,180 

-2 3 

-16 8 

-14 5 


nary tuberculosis 


6-29 

4,270 

-1 5 

-20 6 

-19 1| 

1 


C H 

6-29 

IHi 

-1 8 

-26 0 

-24 2 

G-, S- 

Acute exudative pulmo- 


7- 1 


-16 2 

-34 1 

-17 2 


nary tuberculosis 


7- 6 


-0 5 

-39 3 

-38 8 



N S i 

7-15 

4,660 

0 

-31 2 

-31 2 

G-, S- 

Acute exudative pulmo- 


7-27 

5,560 

-2 3 


-35 7 


nary tuberculosis 


7-27 

5,560 

-0 6 

-34 8 

-34 2 



W J 

5- 6 

IIM 

-1 6 

-25 7 

-24 1 

G-, S- 

Acute exudative pulmo- 


5-11 


-4 6 

-14 1 

-9 5 


nary tuberculosis 


5-14 

8,490 

1 

-1 7 

-25 2 

-23 5 



L 0 

6-25 

5,460 

Bn 

-38 7 

-32 0 

G-,S- 

Acute exudative pulmo- 


6-29 

4,750 


-20 5 

-22 5 


nary tuberculosis 

G L 




-32 2 

-31 2 

G- 

Exudative pulmonary tu- 




IB 

-22 7 

-22 2 


berculosis, minimal, ac- 


12- 1 



-4 1 

-5 3 


tive 


* G — gastric aspiration cultured, S— sputum cultured, PI fl —pleural fluid cultured 
t O T — See text 


tuberculin controls on normal white blood cells and antigen controls on the patient’s blood 
with a streptococcus protein® indicate that this phenomenon is a part of the cytotoxic 
effect itself and not an artifact A similar clumping tendency has been found in association 
with the alarm reaction to be discussed in this paper This clumping tendency has been 
offset satisfactorily by keeping white cells under as nearly physiological conditions as pos- 
sible Adequate glucose is present, glassware is chemically clean, sterile saline suitable for 
intravenous use is employed, and tubes are stoppered to prevent shifts in pH due to evolu- 
tion of carbon dioxide 

The cytotoxic effect of tuberculin takes place in 20 minutes to one hour and changes little 
thereafter In a positive reaction, from 10 to 40 per cent of leukocytes are destroyed in this 
interval In man the small mature lymphocjdes and the neutrophils are the cells lost If 

® This material is obtained from beta hemolytic streptococcus by formamide extraction 
It produces a delayed-type intracutaneous reaction in subjects who have recently had a 
streptococcal infection It also causes a disease-specific in vitro cytoljsis when used bj"^ the 
method described in this report The details of its preparation and its relation to clinical 
disease will be presented in a separate communication 
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their percentage fall is great in this period, a further fall may be anticipated In general, 
however, counts done at 90 and 120 minutes agree closely with the 60 minute counts 

RESULTS 

Active tuberculosis In table 1 (Group I) there are hsted a selected group of 
patients who have been studied during hospitahzation for tuberculosis Each 

TABLE 2 


Group II Active Tuberculosis 
Negative Cytolysis Test 



DATE 

WBC 

PER CU 
Hit 

PER CENT 
PAIX 
Saline 

PER CENT 
FALL PPD 

PPD DEC- 
' REUENT 

CCLTUEE* 

COIOIENT 

W Me 

6- 8-48 

7- 6 

6,240 

6,660 

mm 

-1 0 
-3 5 

4-2 7 
4-0 2 

S-, G- 

Pulmonary tuberculosis, 
minimal, active 

A M 

7-7 

7-8 

4,530 

4,020 

-5 3 
-fl 0 

-0 7 
-3 0 

-4 0 
-2 2 

S4- 

Pulmonary tuberculosis, 
moderately advanced 
with cavitation 

M G 

3-8 

2,210 

-f-5 5 

4-4 0 

4-1 5 

G4- 

Pulmonary tuberculo- 
mas, pleural effusion, 
controlled diabetes 

mellitus 

R A 

9-7 

9-9 

wm 

-0 7 
-1 8 

-0 7 
-1 5 

0 

4-0 3 

S4- 

Pulmonary tuberculosis, 
moderately advanced 

0 F 

9-7 

9-9 

4,560 

3,670 

0 

-1 7 

-0 9 
4-1 2 

-0 9 
4-3 9 

S4- 

Pulmonary tuberculosis, 
moderately advanced 

L M 

9-7 

9-9 

6,390 

3,130 

-2 2 
-0 7 

m 

-4 8 
-4 3 

S4- 

Pulmonary tuberculosis, 
moderately advanced 

B S 

9-21 

9-23 

7,650 

5,490 

m 

-0 4 
-1 5 

-0 7 

0 

G4- 

Pulmonary tuberculosis, 
moderately advanced 

E S 

9-22 

9-23 

8,530 

9,780 

0 

-0 6 

-1 8 

0 

-1 8 
4-0 6 

D4- 

Tuberculosis of spine 
with draining psoas 
abscess 


* S — sputum cultured, G — gastric aspiration cultured, D — drainage cultured 


person ran a degree or more of temperature elevation and, m addition to the lab- 
oratory findings indicated m the table, appeared to be acutely ill White cell 
studies were done two or more times on different days It vnll be observ^ed that 
PPD decrements^ varied m the same and in different patients but were greater 
than 10 per cent in each indmdual The sicker the patient, the greater the PPD 

• PPD decrement is the difference between the per cent fall m white count in saline and 
in PPD solution 
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TABLE 3 

Group III Other Diseases 


Positive Cytolysis Test 



DATE 

WBC PER 
cu uu 

PER 

CENT 

TALL 

SALINE 

PER CENT 
TALL 

PPD 

PPD DEC- 
REIXENT 

COMMENT 

A M 

7- 8-48 

6,520 

-1-0 7 

-23 6 

-24 3 

Post-sedation atelectasis and fe- 


7- 9 

4,850 

-1-0 5 

-32 7 

-33 2 

bnle broncliitis 



5,560 

0 

-6 1 

-6 1 

Recovered 

M W 


4,640 

-8 5 

-25 3 

-16 8 

Age 80, negative physical exam- 



5,390 


-12 3 

-14 3 

nation and laboratory findings 



6,380 

-7 7 

-18 7 

-11 0 


A C 

9-10 


-9 5 

-14 6 

ESI 

Fever of unknown origin, 5 weeks 


9-11 


-1-2 2 

-13 8 




9-13 

5,140 

-1 4 

-19 5 

-18 1 

Temperature normal 3 days after 


9-21 


-4 2 

-4 2 

0 

streptomycin treatment 

W B 






Myocardial infarction with con- 







gestive failure , mural thrombus 
and cerebral embolus 


9-30 

11,100 

0 


-10 0 

—23 0 with Brucellergin 


10-1 





One pint pus from iscial abscess 







drained 10-1 (E coli, proteus, 
A aerogenes) 


10- 4 

8,400 

-0 7 

-8 2 

-7 5 

—44 2 with Brucellergin 

H O’C 

9-13 


-2 1 

-56 7 

-54 6 

Renal colic 


9-14 


+1 4 


-29 4 



9-16 


-fl 1 

-35 2 

-36 3 



9-18 


-2 3 


-25 3 



9-21 


-1 5 

-13 3 

-11 8 



10- 2 

iS 

-2 2 

-15 5 

-13 3 



10-11 

Bgj 

0 

-2 3 

-2 3 


P G 

10-24 





Pulmonary infarct in an area 


10-27 


-5 0 

-8 2 

-3 2 

containing calcified hilar lymph 


10-29 


0 

-21 4 

-21 4 

nodes 


11-13 


0 

-26 1 

-26 1 



11-26 

!l 

-1 0 

-24 3 

-23 3 



12- 3 


-fO 3 

-1-0 3 

0 

Recovered 


* O T — See text 


decrement On the other hand, the PPD decrement wasbelow 10 per cent during 
relatively quiescent phases of the patient’s course (R P , M M ) or comcident 
with obvious chmcal improvement (T D , W M ) 

In table 2 (Group II) are hsted patients with active tuberculosis whose blood 
showed a negative cj’tolysis test with PPD The lesions vaiy from mimmal pul- 
monary tuberculosis (W Me ) through moderately advanced disease (A M ) to a 
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TABLE 4 


Group IV OlhcT Diseases, no Alarm Reaction 
Negative Cylolysis Tests 



DATE 

WUC PER 
CU MM 

PER 

CENT 

PALL 

SAIINE 

PER 

CENT 

TALL 

PPD 

PPD 

DECRE- 

MENT 

DISEASE 

P DeP 

7- 2-48 
7- 6 

5,360 

5,650 

+0 5 
-6 0 

+0 8 
-4 3 

+0 3 
+2 3 

Acute febrile bronchitis 

R G 

wsm 

4,920 

5,300 

-0 5 
-3 0 



Acute upper respirator 3 infection 

J Fan 

7- 6 

7- 7 

9,220 

6,700 

0 

-1 0 

-4 0 
0 


Lung abscess 

A P 

7-16 . 

7-22 

4,930 

5,280 

-5 7 
-2 5 

-3 6 
-1 0 

+2 1 
+1 5 

Carcinoma of lung with second- 
ary infection 

K L 

7-22 

7-28 

7,390 

11,400 

-0 7 
-5 0 

0 

-5 0 

+0 7 
0 

Virus pneumonia 

S M 

9- 9 

9-10 

8,900 

9,850 

-1 0 
-0 1 

-}-0 5 
-0 3 

+1 5 
-0 2 

Asthmatic bronchitis, broncho- 
pneumonia 

R B 

7- 8 

7- 9 

6,550 

5,800 

-1 0 
-2 5 


-4 5 
+2 0 

Prostatic obstruction, acute pje- 
lonephritis 

D G 

7-26 

7-28 

5,680 

6,330 

-5 8 
-5 1 

-2 7 
-4 8 

+3 1 
+0 3 

Acute m 3 mcardial infarction, 
fifth day 

J F 

9-23 

9-21 

7,610 

11,480 

-0 5 
-0 5 




A H 

9-21 

9-22 



+1 2 
-1 2 

-0 2 
-0 2 

Virus pneumonia vrith asthma, 
recovering 


Other Diseases, uith Alarm Reaction 
Negative Cytolysis Tests 


J K 

7- 2 

11,600 

-12 0 



Acute asthmatic bronchitis. 


7- 8 

9,650 

-33 8 



status asthmaticus 

A B 

7-22 

5,070 

-16 3 

-20 2 

-3 9 

Virus pneumonia, severe 


7-26 

5,630 


+1 0 

+1 6 


A S 

9-10 


0 

-1 5 

-1 5 

Carcinomatosis, bronchopneu- 


9-13 


-21 7 

-21 5 

+0 2 

monia 

M R 

9-10 

11,020 

-22 4 

-21 2 


Fulmanent meningococcus men- 


9-11 

9,910 

-20 1 

-21 5 


ingitis 


9-14 





Died 

L R 

9-10 

4,370 

-3 4 

-8 8 

-5 4 

Virus pneumonia, severe, migrat- 


9-13 

5,120 

-22 5 

-21 6 

-0 9 

mg type 


9-17 

7,140 



-t-1 1 


E M 

7-16 

14,500 




Staph 3 dococcus osteom 3 ’'elitis 


7-17 

10,600 

Bee 

-5 8 

+0 2 



7-20 

12,500 

-11 3 


+0 6 

One day postoperative 


9-16 

5,730 

-2 9 

-1 6 

+1 3 

Well 

A J 

9-16 

6,010 

-5 0 

-4 5 


PleuriS 3 with effusion 


9-17 

4,310 

-1 2 

HU 




































































































TABLE 5 


Group V Normal Subjects 



DATE 

VN’BC PER 
CU MM 

?ER CENT 
FALL 
SALINE 

PER CENT 
PALL PPD 

PPD 

DECRE- 

MENT 

PREVIODS 
PPD SKIN 
TEST 

COMMENT 

First 

Sec 

ond 

E M 

3-11-47 

4,520 

-1 8 

+0 3 


— 

4- 


J B 

3-23^8 

4,460 

-3 5 

-5 4 


- 

4- 


E P 

2-15 

5,080 

-2 0 

+2 0 

4-4 0 


4- 



7- 1 

4,520 

+0 5 

0 

4-0 5 




M W 

6-30 

4,980 

0 

-1 2 

-1 2 

— 

_ 



7- 1 

3,255 

0 

+3 1 

4-3 1 




S J 

6-30 

6,460 

-0 2 

-t-1 1 

4-1 3 

— 

— 



7- 1 

6,000 

+1 3 

-3 9 

-4 2 




R T 

6-30 

6,180 

-t-1 5 

-0 

4-1 5 

— 

— 




5,870 

-0 5 

-0 

4-0 5 




G M 


3,770 

-1 6 

0 

4-1 6 





Wi 

3,810 

0 

-1 3 

-1 3 




M Z 

7-15 

3,610 

-2 2 

-0 7 

4-1 5 

— 

4- 



7-16 

5,570 

-1 5 

-1 5 

0 




LeC 

7-28 

5,870 

rai 

-2 5 

4-0 6 

- 

4- 


J B 

9-28 

5,740 

-3 1 

0 

4-3 1 

— 

4- 



9-29 

4,340 

-0 8 

0 

4-0 8 




J E 

10- 4 

6,240 

0 

-2 0 

-2 0 

— 

4- 



16- 7 

5,590 

-3 9 

-t-1 0 

4-4 9 




C B F 

3-15 

4,520 

+2 5 



— 

4- 



6- 3 

5,310 

-3 6 


B&tl 





6- 3 







Second strength PPD placed 


6- 4 







-t-4-4- local reaction 


6- 7 

5,500 

-1 5 

-27 0 

-25 5* 





6- 9 

3,410 

-3 8 

+1 1 

-4 9* 





9-13 

4,020 

-0 8 

-0 3 

-1 1 




J M 

7-16 

6,950 

-0 6 

0 

4-0 6 

— 

4- 



7-19 

6,410 

-0 6 

-1 0 

-0 4 





7-19 







First strength placed 









Second strength placed 


7-22 

6,540 

-1 0 

-0 6 

4-0 4 



4-4- reaction 


9- 9 

8,900 

-1 0 

4-0 5 

4-1 5 




J V 

9- 8 

3,360 

-1 5 

-0 6 

4-0 9 



4- 



9-13 

3)490 

-0 4 

-3 0 

-2 6 



First strength placed 


9-15 







Second strength placed 


9-16 







4-4-4- reaction 


9-18 

6,470 

-2 5 

-18 2 

-15 7* 






4,480 

-1 2 

-0 6 






10- 2 

4,230 

0 

-2 1 

-2 1 




B W 

7- 9 

5,470 

-0 5 

-1 0 

-0 5 

— 

— 



7-12 

3,630 

+0 7 

-2 0 

-2 7 












First strength placed 


11-12 





— 


Second strength placed 


11-13 

3,080 

-2 5 

-2 5 

0 





11-14 







— negative reaction 

M U 

7- 9 

4,770 

0 


-1 7 

— 

— 



7-12 

4,600 

+0 5 


-1 9 








■■I 




First strength placed 


11-12 







— Second strength placed 


11-13 

4,460 

4-0 7 


4-0 8 





11-14 



m 




— negative reaction 


* Values not included in calculation of standard deviation of the mean 


Using the formula o- = for the PPD increments on the abo% e data, 2<r = 3 9 blood 

maj be lovrer than that for blood from sick patients Twice the standard deviation of the 
mean of normals is 3 9 
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psoas abscess vrhicli had been draining for tvo years (E S) None of these 
patients had more than a degree of fever and all maintained their weight and 
their feeling of well being It will be seen that all the PPD decrements were 
below 10 per cent 

In table 3 (Group III) are listed patients wath widely diffenng acute illnesses 
The PPD decrements vary from 10 per cent m a man with a myocardial infarction 
(W B ) to 54 per cent m a jmiing house officer wnth agomzing renal cobc (H O'C ) 
Careful studies over many months have failed to reveal the presence of cluneal 
tuberculosis in any of these persons Four of the patients had PPD decrements 
below 10 per cent coincident with recoverj’^ (A M , A C , W B , H O’C ), and 
one show'ed no signs or sjTnptoms other than extreme age (hi W ) All had posi- 
tive mtracutaneous reactions to first or second strength PPD (tested after 
cytolysis studies) The cause for these changes is obscure 

In table 4 (Group W) are listed a senes of duphcate studies on persons with a 
wide vanety of acute illnesses Some of these persons have had sunple diffi- 
culties (P DePjB G ), others have had dramatic illnesses (J Fran,D G) 

Some patients (Group R^) show an “autodestruction” of IjTnphocjies m whole 
blood This may be an tn vitro “alarm reaction” similar to the phenomenon in- 
duced in the mtact host by the adrenocorticotrophic honnone (ACTH) of the 
pituitaiy gland (16, 17) 

In table 5 (Group V) are given the values for PPD and sahne control white 
blood counts on normal subjects wath and without a positive cutaneous reaction 
to tubercuhn With the exception of the PPD decrements occunng wathin 
several days following a strongly positive cutaneous tubercuhn reaction (G B F , 
J V ), the values are low When values not starred are subject to statistical 
analysis, twoce the standard deviation of the mean is 3 8 It should be noted that 
this finding is for normal white blood cells existmg under relatively ideal condi- 
tions for survival The error of the method as apphed to the effect of PPD on 
abnormal w^hite blood cells ma}’' be as much as 5 per cent, as maybe seenin Group I 
(table 1) in the day to day vanations of a given patient whose chmcal course is 
stationaiy (Ro P , H K ) 

False positive reactions The careful study of several patients who had PPD 
decrements of 14 to 25 per cent in their cytotysis test on repeated observations, 
and who were found to have no tuberculosis bj’’ chmcal cnteria, cultures, or by 
autopsy, led to the finding that the induction of a positive tubercuhn skin test 
may be associated wnth an in vitro tubercuhn cytolysis m the patient’s blood when 
tested several days afterwards This is also true in some health}' tubercuhn- 
positive persons who normally have a negative tubercuhn cytolysis test and j'et 
show a transiently positive white cell test after admmistration of PPD mtrader- 
mally (Group V, table 5) 

Certain persons wnth acute febnle illnesses of a nontuberculous nature have 
shown a transient PPD decrement (Group III, table 3) This decrement has 
returned to zero upon recovery Cultural and chmcal evidence of tuberculosis 
has been absent in such patients both durmg the acute illness and subsequently 
In several of these individuals an obvious bactenal infection has been present, 
for example a carbuncle, where a greater cytolysis to staph3dococcus protem than 



IN NTTKO Cl'TOL'VSIS OF LnUKOClTFS TDBEBCBLrN 


221 


{0 PPD «ns obscncd Tlic mnjority of the miscellaneous acute illnesses studied 
(Group IV, table 1) ha\e not sbo^\n this nonspecific effect This t\Tpe of false 
posituo reaction is possibh an anamnestic clTcct of the acute infectious process 
upon subchnical tuberculosis 

DISCUSSION 

The obccnations reported m (his paper indicate that few' of the circulating 
white cells in homologous plasma of tubercuhn positive “normal” people or of 
persons with chronic tuberculosis are affected by tubercuhn E\ en in highly active 
tuberculosis onlv a portion of the peripheral white cells are destroyed by tuber- 
cuhn under the conditions of these experiments By the same token, in none of 
the examples of lughh' actne tuberculosis have we found a correlation between 
in iitro cj-tolysis and the sire of the cutaneous tuberculin reaction The earher 
tissue culture t^pe of ex-penment indicates that tuberculin causes greater w'hite 
cell damage than w e have observed and, if an 5 '-thing, the Ijunphocyte is the most 
frequent suia'iving cell t 3 'pe at the end of 24 hours It should be remembered, 
how ever, that such evpenments w ere conducted m static media free of homologous 
plasma, consisted of 2-i to 48 hour obseiaations on cell systems having a low 
sum\ al of some cell tjTies, especially the neutrophils, and were m no way quanti- 
tative estimates of cell populations As one-half or more of the Ijonphocytes from 
penpheral blood survive the first hours of exposure to tubercuhn tn vitro as 
measured by the cj'toljsis test, and as liunphocytes are knowm to live up to three 
or four daj's in tissue culture, it is not surpnsmg that discrepancies between the 
findings of cytolj'sis tests and tissue cultural methods exist 

The obsenmtion that a positive tubercuhn test may be followed by a greater 
PPD decrement m the white cell Ij’sis test sheds some light on the mechamsm of 
activation of tuberculosis foci by an excessive injection of tubercuhn, or the acti- 
vation of a remote lesion by a local tuberculous process In the same way, the 
presence of a positive tuberculin cj'tolysis test, as for example in persons with 
progressive tuberculosis, may indicate a recent hberation of tubercuhn substances 
somew’here in the host Likewise the reversion of the tubercuhn cytolysis test to 
negative at the time clinical symptoms are amehorated suggests that the local 
hberation of tubercuhn has become mmimal It is of interest in this connection 
that we have observed the disappearance of the positive tubercuhn cytolysis 
test coincident w'lth chnical improvement in tuberculous pleunsy with effusion, 
and wnth the temperature fall after successful treatment of tuberculous peri- 
carditis with streptomycin The presence of an “anamnestic-hke” tubercuhn 
cytolysis test coincident w'lth other acute disease suggests several interesting 
possibihties For one thing, such undiagnosed febnle illnesses may be true active 
tuberculous infections which are promptly controlled by a relatively resistant 
host, or they may be inapparent mmimal tuberculous “spreads” dunng inter- 
current infections Reactions of this sort also suggest a mechanism whereby one 
acute infection may activate a quiescent tuberculous focus of infection 

SUMMARY 

1 A portion of the white blood cells m hepannized whole blood from patients 
acutely ill with tuberculosis is lysed by tubercuhn (PPD) tn vitro withm one hour 
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2 Tins phenomenon bears a rough correlation with focal allergic manifesta- 
tions of the tuberculous process but not wnth the degree of the cutaneous reaction 
to tuberculin 

3 The mechanism of the tubercuhn reaction is bne% discussed 

SUM^RIO 

Factorcs quo Afectan la Cttohsis in V'ltro de los Leucociios por la Tuberculina 

1 Cierta porcidn de los leucocitos en la sangre Integra heparmizada de los 
sujetos agudamente enfennos con tuberculosis es hsada por la tubercuhna 
(PPD) in vitro en t^nnmo de una hora 

2 Este fendmeno guarda una tosca correlacidn con las mamfestaciones 
aldrgicasfocales del proceso tuberculoso, pero no con la intensidad de la cutirreac- 
cnSn a la tubercuhna 

3 Disciitese brevemente el mecanismo de la reaccidn tuberculfmca 
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A SIMPLIFIED GUINEA PIG TEST FOR TUBERCULOSTATIC AGENTS^ 
F I DESSAU, R L YEAGER, and M KULISH 
(Received for publication December 1, 1948) 

INTRODUCTION 

The discovery of active chemotherapeutic agents in the field of tuberculosis 
has been made possible by testing them in experimentally infected animals The 
need for tests reqmrmg relatively small amounts of chemicals and short penods 
of testing has resulted in the development of new methods (see review by J\I I 
Smith (1)) Despite certain advantages of these, it seems that the classic gumea 
pig test IS still indispensable in experimental tuberculosis work With H G Wells 
and E R Long (1932), one “may feel quite sure that a drug which cures the 
disease m the guinea pig, or even influences it favorably, would more certainly 
be beneficial m the much less susceptible human being” (2) This view has been 
well confirmed by the success of the work imtiated by Rich, Feldman and 
Hmshaw (3, 4) and others As apphed by these authors, however, the gumea pig 
test IS apphcable to the testing of only a few substances because of the need for 
large doses, long periods of testing, and large groups of animals 

An attempt has been made to sunphfy the gumea pig test without sacnficmg 
its high degree of specificity The results obtained dunng a four year penod -with 
a modification of the method are reported at this time, as others might wish to 
avail themselves of the test 

MATERIALS AND METHODS 

Basic Principles of the Test 

Preliminary studies of the experimental tuberculous infection of the gumea 
pig and its reaction to knovm tuberculostatic drugs, m particular 4,4'-diammo- 
diphenylsulfone, have formed the basis for the modification of the gumea pig test 

Like other investigators (5), we have learned that measurement of the degree 
of anatormcal involvement is as good a cntenon of tuberculostatic action as 
evaluation of the spread of the tubercle bacillus b}’- culture methods Sum\ al 
tests vith their requirements for large groups of animals, large quantities of 
chemicals, and long penods of expenmentation, are resen cd for substances 
which have proved their \alue m the test based on evaluation of anatomical 
involvement 

Study of the moipholog}' of the primarj' focus m the experimental tuberculosis 
of the gumea pig reveals its tendency to spontaneous retrogression This takes 
place, wathout an}-- treatment, while the general disease progresses This 'suggests 
the supenontj of a test based on evaluation of a generalized infection It would 
seem that the progress of the disease rather than the behavior of a jinmarv focu'? 

* From the Lcderlc Laboratories Division, Vmencan Cvanamid Compativ, Pear! Rncr, 
New York, and Summit Park Sanatorium, Pomona, New Yo’-k 
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or involvement of a single organ (omental test) should be used to evaluate 
tuberculostatic action 

Investigation of the tuberculostatic activity of 4,4'-diaminodiphenjdsulfone 
has demonstrated the value of tlus substance as a standard for such actmty in 
each single test As this compound shows sigmficant acti\atj’' even after general- 
ized infection has been ahead}’’ established, its use as a standard has helped 
shorten the penod of testing Furthermore, establishment of a standard of refer- 
ence has made possible a v ell-defined tuberculostatic guinea pig unit This umt 
is given bj’’ the minimal dose of any substance nhich has a tuberculostatic effect 
equal to that of the standard preparation of 4,4'-diammodiphenylsulfone (50 
mg daily) under the conditions of the test For the study of the relation between 
chemical constitution and tuberculostatic actinty, the defimtion of such a unit 
would seem most useful 

In the scheme for evaluation of anatomical involvement, equal consideration 
has been given to the extension of the infection through the Ijmphatic sj’’stem 
and to hematogenous spread Inoculating dose, mode of inoculation, and the tj^ie 
of infecting orgamsms have been chosen m such a way as to ensure a progressive 
tsqie of infection (50 per cent of the animals dead ■within eight to ten weeks) but 
one winch may be significantly retarded bj’- a tuberculostatic agent Retardation, 
not cure of the disease, has been the aim m the development of this short routine 
guinea pig test, de^’lsed pnmanly for the screening of tuberculostatic agents 

Description of the Test 

Expenmcntal animals Guinea pigs of either sex and of the approximate age of two 
months, weighing between 300 and 350 Gm at the start of the experiment, have been found 
satisfactorj To make certain that the animals are in good condition for the test, they are 
kept in the animal house for several days prior to inoculation Usually 100 animals are in- 
oculated for one test and are divided into groups of ten 

Diet of experimental animals The basis of the diet is formed by ground guinea pig pellets 
to which ascorbic acid 0 2 mg per Gm and ViDelta (1 10 dilution), containing 20 I U of 
Vitamin A per Gm and Vitamin D 2 0 mg per Gm , are added Greens are added in the form 
of lettuce and spinach to the daily ration of 20 Gm ground pellets 

Preparation of inoculum In all experiments a strain of human tubercle bacilli (Summit 
Park i5J4313) has been used This strain was isolated in 1942 from a patient suffering from 
far advanced pulmonary tuberculosis In guinea pig tests for virulence, this strain was 
found to be the equal of strain H37Rv The Summit Park strain has the morphological 
and cultural characteristics of M tuberculosis var human and sensitizes guinea pigs to 
tuberculin Both subcutaneous and intraperitoneal inoculation of various doses of this 
strain cause tuberculosis in the guinea pig of the classic Villemm tj pe 

The strain has been cultured on egg media (whole egg 750 cc , egg j oik 150 cc , potato 
gl> cerin broth 600 cc , KHjPOi 10 per cent 15 cc , 2 per cent Malachite Green 18 75 cc ) 
and passed through guinea pigs twice a j ear Third transplants from egg media between 
one and three months old have been used for preparation of the inoculum The strength of 
the suspension in one-fifteenth molar Na»HPOi is determined bj counting the number of 
bacilli contained in 005 cc of the fluid placed on a slide marked with a square centimeter 
The suspension is diluted to a strength of 100,000 organisms per 0 1 cc 

Mode of inoculation For inoculation the intraperitoneal route is used It gives rise to a 
generalized infection faster than subcutaneous inoculation and allows exact measurement 
of the size of the primary lesion (omentum) The absence of fistulas, which commonly 
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de\clop iflor guhcutnnoous infection is dcMrablc from (ho viewpoint of safetj' of the per- 
sonnel liandliiiR the aninnls The standard dose of inoculum has been fixed at 200,000 micro- 
organisms The inoculated nnimals arc rotated in such a waj that errors of dosing of the 
inoculum because of clumping in the sjringe will be cvcnlj distributed over the ten groups 
Under the sKsumption that each group may have rcccued an inoculum of different size^ 
animals of each group of ten are distributed one each into ten now groups 

Druo adnistn^tralwn Drugs are administered either in the diet, orallj through a sj ringe, 
or Eubcutaneoush When gi\ cn in the diet, the drugs to bo tested are given in the 20 Gm of 
ground pellets described aboxe Tecding cups are constructed in such a way as to prevent 
exccssnc loss of the diet The standard preparation of 50 mg 1, 1'-diaminodiphenylsulfone 
IS contained in 10 Gm of this diet and placed in the dish on top of 10 Gm of the same diet 
free of the drug 

Tor testing at the lc\cl of the standard, a total amount of 10 5 Gm of chemical is the 
minimum requirement For comparison with streptomj'cin an amount of 4 2 Gm of sub- 
stance IS needed 

Coiir'c of expeninent Drug treatment is started two weeks after inoculation and is con- 
tinued for three weeks The animals arc weighed twice a week Thej' are sacrificed fi\ c weeks 
after inoculation 

EiaUtation of anatomical findings The anatomical findings arc evaluated according to the 
following scheme 


Omentum 

ICo tubercles grossly negative 

Tubercles present, weight below 1 Gm -f 

Tubercles present, weight between 1 0 and 2 0 Gm +-|- 

Tuberclcs present, weight between 2 1 and 3 0 Gm +++ 

Tubercles present, weight above 3 0 Gm ++++ 

Spleen 

No gross lesions visible negative 

Few gross lesions, visible with difficulty -f 

Definitc gross lesions -f + 

Numerous gross lesions +++ 

Innumerable gross lesions ++++ 

Liver and lungs 
Same as spleen 
Cervical Ijunph nodes 

No tubercles visible negative 

Few tubercles, limited to 1 node -f- 

Few tubercles in 2 nodes ++ 

Tubercles in 2 nodes with enlargement of node +++ 

Tubercles in 2 nodes with very marked enlargement ++++ 

Mediastinal lymph nodes (include retrosternal, tracheobronchial, bron- 
chomediastinal nodes) 

No tubercles grossly negative 

Tubercles present, weight below 0 6 Gm -f- 

Tubercles present, weight between 0 7 and 1 2 Gm -f -i- 

Tubercles present, weight between 1 3 and 1 8 Gm -f- 1 — h 

Tubercles present, weight above 1 8 Gm ++++ 

Abdominal lymph nodes (include gastric, portal, pancreatic, mesentenc, 

mesocolic) No tubercles grossly negative 

Tubercles present, weight below 0 8 Gm -|- 

Tubercles present, weight between 0 9 and 1 6 Gm -b-b 

Tubercles present, weight between 1 7 and 2 4 Gm -b-| — b 

Tubercles present, weight above 2 4 Gm ++++ 

Retroperitoneal lymph nodes Same as grading of mediastinal nodes 
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Till*! Pchcmc c'iH\ to Icvru fvnd li'is Kt\cn idcnticnl results on the same matcnal c\ 
nniined In two independent ob^erxors 

CalcuJahon of iuberciilou^ index In crj plus sign 1ms the \ niue of 23 per cent The index 
of nn indnidual nnimal is found h\ nddtng the indices of nil eight organs mentioned in 
preceding parngraph The group index is calculated h\ ndding the indnidual indices nnd 
dn iding the sum l)\ the number of ammals in the group (u'-inlK 10) 

Records g of data All data pertaining to the experiment are recorded on one Bheet for 
each animal, including signs of toxic reactions and otlier clinical obsen ations 

ni SULTS 

As alrendj mentioned, tlic purjiose of the test Ins been tw ofold first, to screen 
chemicals for tuberculostatic action by companng them \Mtii a standard at the 
same lc\ el, secondly, to establish the unit xaluc as defined aboxe to learn about 
the relation between chemical constitution and tuberculostatic activit}' iMost of 
the w ork has been concerned w ith screening, the results of w Inch are the subject of 
separate publications It might be mentioned lierc tint the results agree well mth 
those of other investigators using longer and more compheated tests A more de- 


TABLE 1 


DRCC 

ifODC or ADUI\1STTATT0\ 

CCtXEA nc tTVZT 

4,4'-diaimnodipbcnj Isulfonc 

In the diet 

SO 

Same 

Subcutaneouslj 

25 

Streptomj cinbj droclilondo 

Subcutaneoush’ 

20 

4-arainoplicnjl-pj razjlsulfone 

In the diet 

100 

4-amiiioplien} l-mctbj laulfonc-hj dro- 



chlonde 

In the diet 

200 

Promin 

In the diet 

300 


tailed study of some active compounds led to the estabhsliment of their unit value 
(table 1) 

In evaluating the usefulness of this modification of the guinea pig test, an 
attempt was made to get a correct picture of its accuracj’’ and of the sigmficance 
to be attached to deviations from the control mde\ This mdev was found m 46 
experiments to range from 46 to 67 per cent, the mean being 57 per cent The 
standard dexnation was 4 2, the vanation coefficient 9 1 per cent, the standard 
error 0 62 In the same group of experiments the ax'erage index of the groups, 
treated wnth the standard, 4,4'-diaminodiphenylsulfone, was 37 per cent xnth a 
range from 26 5 to 47 per cent The standard dexnation was 7 9, the vanation 
coefficient 17 2 per cent, the standard error 1 16 It seems of importance that 
the extremes of range given here w ere found at a time wffien the technical aspects 
of the test had not yet been perfected Furthermore, a tendenc}* of the control 
index towards one extreme is accompanied b}"" the same tendenc 3 ' of the index of 
the standard group 


SUaiMARV 

Because of the necessity for a highlj' specific test for tuberculostatic agents 
which could be used xnth only small quantities of new chemicals, a modification 
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of the chssio ginncn pig tost has been developed Its execution, accuracy, and 
purpose linx e been discussed The test requires five weeks for completion 

suM\nio 

tStjnphfiMda Prueba cn cl Cohaiio para las S^istancias Tuhcrculocstalicas 
Debido a la iiocc'^idad de contar con una prueba muy especffica para las sustan- 
cias tuberculocst'iticas, que pueda usarsc con pcpuefias cantidades dc nuevos 
product os qiiinucos so ha ehborado una modificacidn de la cldsica piueba en el 
cobaj 0 Discutcnsc aquf la cjccucidn cxactitud y propdsito de la misma La pi ueba 
requiore emeo semanas para complebirla. 
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AN EVALUATION OF A METHOD OF OBTAINING 
GASTRIC WASHINGS^ = 

JA]\IES B HOLLOWAY, JR , and iMARTLV CmmmCS 
(Receded for pubhcition Xo\ ember 3, 194S) 

IXTUODUCTIOV 

Examination, culture, and animal inoculation of the gastric contents of pa- 
tients suspected of having pulmonarj' tuberculosis has long been an accepted 
useful adjunct for the establisliment of a positne bacteriological diagnosis 
Meunier (1) first used this method m 189S upon children because of their habit 
of sv allowing their sputum It was not until 1927, hoivever, that Annand-De- 
bille (2) demonstrated that gastric washings were of \alue m positnety estab- 
lishing the diagnosis of pulmonar}’- tuberculosis in adults whose sputum had 
been repeatedly negative for tubercle bacilli 
Roper and Ordway (3) in 1941 demonstrated (1) that the results of a single 
gastric lavage were msufficient to establish the diagnosis, (2) that usually a 
series done on consecutive da}'s was necessary’-, and (S) that an mcrement m the 
number of lavages brought an appreciable rise in the percentage of positne 
results 

Studies made to determine the relative value of culture methods and animal 
inoculation have proved that all available methods of study should be applied 
m the search for ilf tuberculosis An exception may be made for the direct 
examination of a smear of gastric washmgs In particular, Kajme and Houns- 
low (4), Roper and Ordwaj-- (3), Sasano and associates (5), Robmson and Dunn 
(6), ha\e shown that sunultaneous moculation of animals and culture media 
are needed to obtain the highest percentage of positive results, as frequently 
one wall be positive and the other negative They hai e pomted out the inac- 
curacj’’ of direct exammation of the gastric smear, how seldom it is positive, 
and often falsely so Indeed, Roper and Ordwaj”- (3) obtained only 41 smears 
positive for acid-fast bacilli from 983 patients, 660 of whom had roentgeno- 
graphic evidence of presumably active tuberculosis Kajme and Hounslow (4) 
found that false positive results occurred on direct exammation of smears be- 
cause of contammation of tubes and glassware with acid-fast saproph 5 i:es In 
addition, there is always the possibility that acid-fast bacilli such as the butter 
bacillus and Timothy hay bacillus maj'- be m the stomach 
Other experunents have mdicated the possible effects of the gastric environ- 
ment upon the tubercle bacillus A considerable portion of the bacteriologic 
diagnosis of tuberculosis m this country is performed m federal and state-financed 

1 From Veterans Administration Hospital 48 and the Communicable Disease Center, 

17 S Public Health Sertnee, Atlanta, Georgin 

’ Published with the permission of the Chief Medical Director, Veterans Admimstration, 
who assumes no responsibility for the opinions expressed or conclusions drawn bj 
the author 


22S 



METHOD OF OBTAINING GASTRIC WASHINGS 


229 


laboratories, i^hicb receive specimens for study that in some cases may be many 
hours or even days old As a consequence, the effects of the gastric secretions 
on the tubercle bacillus over a prolonged period are important 
Piasecka, Zeyland, and Zeyland (7) of Poland mdicated m their work that 
the saliva of some patients had a marked inhibitory effect upon the tubercle 
bacillus m culture Roper and Ordway (3) exposed the tubercle bacillus to 
normal hydrochloric acid for four days without apparent effect They also found 
that free hydrochloric acid in the specimen did not harm the bacillus and that 
bile had no effect upon it Floyd and Page (8), however, showed that pro- 
longed exposure to gastric juice itself had an adverse effect upon the cultures 
of M tithercuhsis In addition, they discovered that duodenal secretion had no 
such effect Almost all workers have suggested that the various digestive en- 
2 ymes may have an mjurious effect upon the tubercle bacillus Moreover, as 
these enzsmes probably require a prescribed hydrogen ion concentration m 
which to act, the acidity of the stomach has an indirect, but nevertheless potent, 
effect upon the viability of the bacillus In a study made to determine the effect 
of the time element, Sprick and Towey (9) found that a delay of more than 24 
hours reduced the percentage of their positive results Usmg both animal mocula- 
tion and cultuie methods, they made a 73 per cent positive diagnosis for tubercle 
bacilli on gastric specimens treated and cultured immediately upon obtainmg 
them from the patient After a delay of 24 hours, they had only 45 per cent 
positive findmgs With a delay of 48 hours, a positive diagnosis was made m 
only 21 per cent of the specimens Their specimens were treated with an equal 
volume of 4 per cent sodium hydroxide and 0 2 per cent alum immediately, 
and at 24 and 48 hour mtervals, respectively 
Gastric lavage in this hospital is done for two reasons to establish a positive 
diagnosis of pulmonary tuberculosis in patients with the typical picture of 
tuberculosis on chest films, and to evaluate the progress of the patients’ disease 
This study was undertaken to deteimme the effect of certam variable factors 
upon our results, and to study the efficiency of various sized tubes for removal 
of the gastric contents from the stomach It is the practice of some European 
laboratories to use a number 30 French gastric tube, which might be more 
effective in obtaining the tubercle bacilli from the stomach The United States 
Public Health Service Tuberculosis Evaluation Laboratory carried out the 
culture and animal inoculation Avork on our first 53 patients The rationale of 
the large gastric tube is based on the assumption that the tubercle bacilli are 
held in the thick mucous secretions of the stomach and that they are also deeply 
embedded in the nigal folds The small Levme tube with suction applied does 
not dislodge these bacilli With the large tube a large volume of sterile v ater is m- 
troduced rapidly into the stomach with some force The rugae are washed clean 
by the force of injection and, when the water is siphoned out, the bore of the 
tube IS large enough to admit large masses of the mucinous material Avith ease 
In addition, it ivas felt that the mtroduction of such a large portion of water 
would dilute the gastric juice to such an extent that the factors which reduce the 
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Viability of the bacilli might be inhibited, whether they be acid, en^mie, or 
other fuctora 


TECHNIQTTi: 

The first studj consisted of a comparison of the efficicncj of the large and the smaller 
calibre tubes Each of the first 63 patients, all having repeated negative sputum examina- 
tions for tubercle bacilli, had four lav ages onsucccssivm mornings The large andsmall tubes 
were alternated each daj and the lavage was done earb in the morning so that often the 
patients n ere awakened from sleep for the procedure The stomach was therefore in a fasting 
state Simultaneous 24 hour concentrated sputum specimens were examined dunng this four 
daj' period In each instance 250 to 300 cc of distilled water were poured down the large tube 
or injected through the Levnne tube vnth a 30 cc sjTinge When utilizing the large calibre 
tube, the contents vv ere immediately siphoned into a large stenle basin, or not infrequentlj 
were v'Oimted bj' the patient into the basin Usually 250 to 500 cc of material were obtained 
With the use of the small tube, suction n as applied at the end of each injection and a smaller 
total volume, usually 60 to 100 cc , v\ as obtained It should be made clear that some patients 
had two or three of these senes over a penod of months and that four gastne lavages are not 
regarded as a sufficient number if all studies arc negative for tubercle bacilli 

In order to reduce the chances of false positive results, the tubes, sjTinges, containers, 
and basins were daily cleaned with soap and water, washed with sodium bicarbonate to dis- 
solve any mucus present, washed with soap and water again, rinsed thoroughlj with dis- 
tilled water, and autoclav'cd When the studj was begun, it was felt that all patients would 
prefer the Levine tube because of the smaller size and ease of passage via the nasal route It 
was surprising to find that about 55 per cent of the patients preferred the large 30 French 
gastne tube passed by mouth It can bo passed rapidly with onlj one cooperative swallow 
on the part of the patient to get it past the larjnx This procedure is more rapid than vnth 
the small tube, but less tidy as the subject not infrequentlj vomits One factor became ap- 
parent as to the patient’s choice of tube He preferred the tube he did not take first The first 
day’s experience was more traumatic mentallj' and phj’sicallj' Since the first sight of the 
large tube was so ternfjung, most patients “learned” on the small tube and therefore pre- 
ferred the larger calibre which thej' received after being “trained ” 

Once collected, the specimens were treated in the follovnng manner The specimen was 
placed in a refrigerator until sediment formed The supernatant fluid was poured off and the 
sediment was centrifuged for 15 minutes Smears were made If the specimen was thick and 
mucoid, 10 cc of sodium hj droxide were added , if it was thin, 2 cc of 6 per cent sulfuric acid 
were added If sodium hj droxide was used, an inverted rubber stopper was inserted and the 
specimen was incubated for 20 minutes at ZT’G It was shaken evmrj’^ 5 minutes The speci- 
men was centrifuged again and the supernatant fluid poured off If the specimen was 
treated with sodium hydroxide, two drops of hjdrochlonc acid were added and it was 
cultured on four tubes of Jensen’s modification of Lowenstein’s medium (10) If the speci- 
men was treated with acid (2 cc 6 per cent sulphuric acid) , it was left for 10 minutes at room 
temperature, during which time it was shaken v'lgorously Then 10 cc of re-distilled water 
were added and it was centnfuged as above The supernatant fluid was poured off and the 
sediment inoculated directlj' onto four tubes of the medium Cultures were kept for S weeks 
at 37°C before being discarded as negative Young guinea pigs which were injected with 1 0 
cc of the homogemzed neutralized specimen inoculated suboutaneouslj' into the groin 
were autopsied at the end of 6 weeks 

In addition, the specimens from 30 of the 53 patients were divided equallj’’ into three 
parts one treated and cultured within 4 hours, the others at 24 and 48 hours, respectivelj' 

It was believed that in this mannersome relationship between the delaj’' and dilution factors 
ought become apparent It was realized that some inherent error could be present, for Roper 
and Ordway (3) have shown that, when gastric specimens are divided, some parts are nega- 
tive while other parts of the same specimens are positive for tubercle bacilli 
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RESUETS 

Direct Examination of Smears 

A careful study was made of the smears from the specimens, a minimum of 30 
mmutes bemg spent on the e\ammation of each smear Of 206 gastric washmgs 
from the 53 patients, only 17 smears (14 patients) positive for acid-fast bacilli 
were obtamed In 6 of the 14 patients, culture and gumea pig moculation with 
that particular washmg were negative for tubercle bacilli, although 4 of the 6 
were found to have positive cultures on a subsequent exammation Therefore, 
from 206 gastric washings, the presence of acid-fast baciUi on direct exammation 
of the smear was of value m only 2 cases It is beheved that this percentage is too 
low for the amount of work mvolved, especially when compared to the possible 
errors inherent m the direct exammation of smears For example, there was 
considerable doubt as to the diagnosis of active tuberculosis m these 2 patients 
with “positive” smears One was a white man 20 years of age who had had a 
tuberculous pleural effusion one j^ear previously proved by animal moculation 
Repeated roentgenographic exammation of the chest made durmg the time of 
this study showed no evidence of activity Twelve gastric cultures, three gumea 
pig moculations and many sputum exammations were negative for tubercle 
bacilh The second case was a 23 year old white man who has never had demon- 
strable tubercle bacilli m the sputum, although he had a cavity which had closed 
before admission to this hospital Cultures of 12 gastric washmgs, a bronchial 
washmg, and many sputum specimens have all been negative for M tuberculosis 
or fungi Repeated anunal moculation of similar specimens has also been negative 
These patients have been sent to the Veterans Administration Rehabilitation 
Center as apparently arrested 

In order to examine the possibihty of “false positive” smears, each of 12 
hospital workers with negative chest roentgenograms were subjected to two 
gastric lavages One mdividual had smears positive for acid-fast bacilli on both 
occasions, and a specimen from a second mdividual contained a single suspicious 
bacillus Unfortunately, cultures and animal inoculation were not done upon the 
2 positive specimens, but a thorough study, mcludmg monthly roentgeongrams 
and gastric lavages with proper culture and gumea pig moculations, have failed 
to reveal signs of tuberculosis In the remaining 11 cases, culture and gumea 
pig moculation revealed no tubercle bacilli The possibility of “false positive” 
smears did not seem remote after this experience 

Cultures 

In table 1 may be seen that, from the 206 specimens, positive cultures were 
obtamed m 29, or 14 per cent 

Of the 29 positive cultuies, 15 were from specimens taken with the large 
tube, and 14 with the small tube The number of colonies m each culture was 
recorded and no conclusions could be drawn m regard to the effectiveness of 
either tube in relation to the number of colonies per culture In table 2 the 
efficiency of the gastric culture in 53 cases is compared with the sputum 
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examination by the direct smear method The results are con elated with the 
stage of the disease as determmed by roentgenographic means 
In each series of four gastric lavages only one guinea pig was used The guinea 
pig was mjected with the first day's specimen only on the daj’’ it was obtained 
In 6 cases the gumea pigs yielded positive findings w'here the cultures were 
negative In 3, however, cultures on a subsequent day w'ere positive In 
the remammg 3 cases, 16 negative cultures and one positive annual inoculation 
w^ere obtained from four specimens 

There were 9 patients whose specimens were positive for tubercle bacilli on 
culture although negative on gumea pig moculation It should be pomted out, 

TABLE 1 


Percentage of Gastric Cultures Positive for M tuberculosis Based on SOS Specimens 





1 OTMBEK EOSmvX 



TOTAL NUi£BE» | 

PEE CENT 
posm\x 

Large 

tube 

Small 

tube 

TOTAL 

Specimens 

206 

14 

15 

1 

14 

29 

Patients 

53 

30 

16 

16 


TABLE 2 

Number of Patients with Gastric Culture Positive for M tuberculosis Correlated with 
Roentgenographic Stage of Disease and Subsequent “Positive” Sputum 


1 

POSITIVE GASTRIC ; 
CULTCKE NEGA 
Ti\x sponru 

SMEAR 

POSITTNX GASTRIC 
CULTURE POSI- 
TIVE SPUTUM 
SMEAR 

NEGATIVE GASTRIC 
CULTURE rOSI 
TVTB SPUTUM 
SMEAR 

NECATINX GASTRIC 
CULTURE, NXCA 
TI\X SPUTUM 
SMEAR 

1 

Minimal 

7 

6 

4 

12 

Moderate 

2 

6 

0 

3 

Far advanced 

4 

6 

1 

0 

Total 

13 

17 

5 

15 

Cavitation 

5 

10 

1 

1 


however, that more specimens were cultured than were tested by ammal inocula- 
tion 

Twenty-two of the 53 patients finally were found to have sputum positive 
for tubercle bacilli It is mterestmg to note that in 1 1 the bactenologic diagnosis 
w as established for the first time durmg the 4 daj'S of gastric washings Wliether 
or not the tubes cause se\ ere enough coughing to bring up “positn c sputum 
for the first time is purely conjectural Most patients found that the largo tube 
caused an irritated throat or pharjmx Two of the “postive” sputum specimens 
came the day followmg the bronchoscopy 

A classification of the patients according to the roentgenographic findings 
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revealed that 11 had far advanced tuberculosis. A positive bacterial diagnosis 
was made on all of these cases. There were 11 patients whose disease was classified 
as moderately advanced and of these a positive bacteriologic diagnosis was 
established in 7. The other 4 had all discharged sputum positive for tubercle 
bacilli in the past. They were near the end of a long hospital stay and have since 
been rehabilitated. Of the 28 minimal cases, 13, or 46.4 per cent, were proved 
positive for M. iuberculosis is by cultures and guinea pig from gastric washings 
or by additional sputum studies. Of the 15 patients found to be noninfectious 
by a series of four gastric washings, only 6 failed to have additional gastric 
studies. In fact, most had from twelve to fifteen gastric lavages. The 6 patients 
who received only four washings had stable minimal lesions of many months’ 
duration and had come to this hospital for a periodic review which occupied 
only a few days. Of the 53 patients, 17 were found to have cavitation, and in 16 
a positive bacteriologic diagnosis was established. The one exception was an 
elderly man with bullous emphysema and no typical inflammatory cavitation. 
Three of the 53 patients were proved to our satisfaction to have no disease; 
2 had an atypical history and negative roentgenographic and bacteriologic 
studies. The third died of silicosis and postmortem revealed no tuberculosis. 

Specimens from 30 patients were divided into 3 portions, one of which was 
prepared immediately and cultured; the other portions were kept 24 and 48 
hours respectively before bemg cultured. Of these 120 cultures, 11 were positive 
from those prepared inunediately; 6 were positive of those kept 24 hours, and 
5 were positive of those kept 48 hours. This series is too small in itself to do more 
than indicate a trend, but the results were in agreement with the previously 
quoted observations of Sprick and Towey (9). 

Unfortimately, due to shifting personnel, the United States Public Health 
Service was unable to continue with this program. Our own laboratory was 
likewise shorthanded, and the second 50 patients of necessity were treated in a 
different manner. These 50 patients each had a series of four consecutive gastric 
washings, which were treated and prepared for culture immediately as outlined 
above, but each specimen was kept and combined on the fourth day into one 
and inoculated upon four tubes of culture medium and into one guinea pig. 
Necessarily part of each specimen was four days old on inoculation, although 
they were treated on the day of collection and kept in the ice box. From these 
50 patients, 13 specimens were positive for tubercle bacilli on culture or animal 
inoculation. This represents 26 per cent positive results in contrast to 35.8 
per cent positive specimens obtained from the previous 53 patients. Thus, the 
first method achieved 9.8 per cent more positive results than the second method. 
In addition to the time element, however, the first method included the use of 
16 tubes of culture medium to each patient, in contrast to four for the second 
method. 


SUMMARY 

Fifty-three consecutive patients whose sputum had been previously negative 
for tubercle bacilli were subjected to repeated gastric washings, the contents of 
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their stomachs \\erc collected and studied m \anous ways m an attempt to 
find the best method for collection and culture of gastric contents Studies of the 
sputum were continued during these tests An additional group of 50 patients 
with sputum negative for tubercle bacilli vere treated by an abbreviated culture 
technique and 9 8 per cent fewer positive results vere obtained 

CONCLUSIONS 

1 The size of the tube used m collecting the specimen is of no consequence. 

2 The length of time between the collection and the culture of the specimen 
IS of considerable importance The shorter the tune, the greater the chance of 
success 

3 Smears made of the gastnc contents are imrehable w hether found to be pos- 
itive or negative for acid-fast bacilli 

4 A greater number of positive cases will be found if repeated gastnc wash- 
ings are done 

5 Cultures should be made of each gastnc lavage immediately and the con- 
centrates of several should not be combined as one 

6 Both guinea pig inoculation and cultures should be used in the search for 
the tubercle bacillus in gastnc washmgs 

SIBUKIO 

Valuacidn de un M6(odo para Obiener Lavados Gdstncos 

En 53 enfennos consecutivos cuyo esputo habfa sido pre^^amente negative 
paia bacilos tuberculoses, verificdronse lavados gastncos respetidos Recogi6se 
y estudidse en varias formas el contenido del est6mago de los mismos tratando 
de descubrir la mejor t^cmca para la colecta y cultivo del contenido gastnco, 
contmuando los estudios del esputo durante dichas pruebas En otro grupo de 50 
enfennos de esputo negative para bacilos tuberculoses se empled una tdemea 
cultural abreviada, obteni&dose un 9 8 por ciento menos de resultados positives 

CONCLHSIONES 

1 El tamano del tubo empleado para recoger el ejemplar no tiene unportancia 

2 El tiempo transcurndo entre la colecta j el cultivo del ejemplar reviste 
considerable unportancia Mientras mds breve ese tiempo, ma 3 mres son las 
probabilidades de dxito 

3 Los frotes preparados del contenido gastnco son poco fidedignos, 3 ’'a resulten 
positives 0 negatives para bacilos dcidorresistentes 

4 El mimero de cases positives serd ma 3 mr si se ejecutan lavados gdstncos 
repetidos 

5 Deben hacerse mmediatamente cultivos de cada lavado gdstneo, sm combi- 
nar en uno solo los concentrados de varies 

6 En la busca del bacilo tubereuloso en los lavados gdstncos deben emplearse 
tanto la moculacidn en el cobayo como los cultivos 
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PATHOLOGICAL AND EXPERIMENTAL STUDIES OF BOECK’S SARCOID^ 

1 Report of a Case with Panarteritis, Periarteritis, Tenninal-hypertension and Uremia, 
and the Reproduction of a Sarcoid-like Lesion m Guinea Pigs 

SOL ROY ROSENTHAL 
(Received for publication September 7, 194S) 

INTRODTJCnON 

This IS the first of a group of reports that will enlarge upon the thesis of the mtimate re- 
lationship between sarcoidosis and tuberculosis Included m these studies is the case report 
of a patient who was consistently anergic to first and second strength of PPD and was 
unique m several respects There was specific mvolvement of the vessels generally, plus 
a nonspecific necrotizing arteritis and penartentis associated with hypertension, uremia, 
and death Emulsions of the lymph nodes were negative for tubercle bacilh by smear, 
culture, and microscopic section When this material was mjected mto gumea pigs, how- 
ever, sarcoid-hke lesions were produced m which numerous acid-fast bacilh were found 
The imcroorgamsms failed to grow on culturmg The an im als responded to tuberculm 
The second report deals with the isolation of banal organisms from autopsy and sur- 
gical sarcoid material which had a bactericidal action on tubercle bacilh 

The third report is on a theory of the pathogenesis of sarcoidosis as deducted from 
further experimental studies m animals and BCG vaccmation m two human oases of 
sarcoidosis 


CASE BEPOET* 

A colored male, age 22, had been ill for approximately two years His sj'mptoms began 
with nosebleeds and headaches, the latter becoming severe In the first j ear he lost SO 
pounds in weight What brought him to the hospital eight months before death was chest 
pain in the right side and a nonproductive cough He had had paroxj sms of fever, chilliness, 
and night-sweats On admission he looked chronically and acutely ill His conjunctivae 
were injected and there was marked enlargement of both lacrimal and, to a great extent, 
the parotid glands Small soft lymph nodes were noted in anterior and posterior cervical, 
occipital, and ingmnal regions Both epididymi were enlarged, nodular, and indurated 
Many rales were heard throughout the chest Examination of the ocular fundi showed that 
the retinal vessels were normal but in the region of the superior nasal vein at the left of the 
disc there was a linear exudate A flame-shaped hemorrhage w as present in the region ot 
the inferior nasal vein four diopters below the disc There was general haziness of the comes 
and the entire pupillary body of the left eye was drawn in an irregular fashion to the lens 
capsule A roentgenogram of the chest showed ill-defined shadows of increased densiti 
scattered throughout the lower two-thirds of both lung fields, more marked on the rig 
side The hilar shadows were considerably enlarged bilaterallj The Mantoux tests wi 
first and second strength PPD were negative as were culture and ammal studies of 
turn for tubercle bacilli Biopsies of three Ijunph nodes yielded tissue which presented e 
typical findings of sarcoidosis Of special interest was the invasion of specific granuloma ous 

1 From Institution for Tuberculosis Research and the Research Foundation of the Uni 
versity of Illinois College of Medicine and the Bruns General Hospital 

' Condensed from a summarj bj Dr Eric Hausner 
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tissue into a medium-sized blood vessel with thrombus-like occlusion of the lumen The 
blood count vas not remaikable, the total proteins ^^ere 6 5 Gm per 100 cc vith an AG 
ratio of 1 6 E\amination of the urine revealed no abnormalities Roentgenograms of the 
hands and feet v ere normal 

CLINICAL COURSE AND SUBSEQUENT LABOHATORI FINDINGS 

The general course was gradually downhill One month after admission a generalized 
rash developed, manifested by pinpoint to millet seed-sized, dry, scalj papules correspond- 
ing to the sites of hair follicles The microscopic findings in these papules were compatible 
with sarcoidosis These lesions regressed and weie not present si\ months later The lesions 
of the epididjmi likewise disappeared before those of the skin Seven months after ad- 
mission, or one month before death, the patient became confused and would respond onlj" 
with difficulty His vision decreased markedlj Multiple iriegular masses were palpable 
in the abdomen His temperature became slightly elevated and he died twentj -two months 
after the onset of his complaints Tuberculin tests On numerous occasions including the 
last month of the disease the tuberculin tests were persistently negative to the first and 
second stiength of PPD Urine Four months before his death the urine was normal Al- 
buminuria with minimal cjlmdruria and an occasional leukocvte or er 3 throc 3 ^te then ap- 
peared These abnormalities increased to a marked degree The specific gravit 3 ' w as recorded 
as being low Blood A G ratio remained normal until four months before death, w hen the 
serum proteins were 7 1 mg per 100 ml (albumin 2 9, globulin 4 2, A G ratio 0 69) Three 
months later the readings were total proteins 7 2, albumin 3 6, globulin 3 6, and an AG 
ratio of 1 Retention of nitrogenous products began one month before death, when the 
readings were nonprotein nitrogen 68, urea nitrogen 54, creatinine 3 9 mg per 100 cc The 
carbon dioxide combining pow er w as 22 1 volume pei 100 cc and the concentration of 
chlorides was 429 per 100 cc The er 3 throc 3 te sedimentation rate varied from 100 to 150 
mm per hour The hemoglobin concentration dropped to 13 Gm The er 3 throc 3 *6 count 
w as 4,300,000, and the total leukoc 3 "te count was 8,350 cells pel cu mm with a normal differ- 
ential Blood p)essuie On admission, the blood pressure was not remarkable but rose to 
160 S 3 stolic and 130 diastolic in mm ofmeicur 3 two months before death The electrocardio- 
grams weie normal except for the presence of a sinus taclncardia Boeydgenogt ams Re- 
peated films of the chest up until one month of death show ed small increased densities w hich 
showed evidences of some legression and finall 3 stabilized Abdomen Flat plates of the 
abdomen and loentgcnographic studies after baiium meals were repeatedh negative 
Roentgeiiogiaphic eximmation of the hands and feet revealed no abnormal findings until 
three months befoie death when evidence of periosteal thickening and demineralization 
was described One month before death the changes seemed to be less than previoush but 
the pioximal one-thiid of the first metatarsal was definiteh invohed in the manner de- 
scribed above 

The vitieous of both 0303 , but cspecialh of the right, de\ eloped man^ opacities The 
final diagnosis was Boeck’s sarcoidosis involving the kidneis, lungs, eies, skin, epidid 3 mi, 
ind possibl 3 the small intestine 


I’OSTMORTLM FINDINGS 

llic bodi was emiciated, measuiing 69 inches in length and weighing 05 pounds The 
onh bignificint external findings were smill “shot-likc” hmpli nodes in the axilla and in 
the iiiguinil regions Small atrophic scars were found over the skin of the arms and legs 
llieie were i few dense fibrous adhesions between the wall of the pleural caiiti and the 
latei \1 ispccl of the 1 ight lung 

Lungs The total weight of the lungs was 1,000 Gm There were scattered fibrous and fib- 
rinous exudate o\er both lungs Beneath the plouri were pinhead to 6 mm nodules On 
pilpition, largei nodules were noted is well as fluctuiting areas, especialh in the upper 
lobes The lower lobes contained irregul ir ireas of consolidation On sectioning, the nodules 
win gra\ to blaik to \ellow and grinular, or the 3 were composed of small to large thin- 
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w'llled ciMtics up to 2 cm in dinnieter In sonic instances normal lung parenclyma sur- 
rounded the nodules, while in others wide zones of red to grax granular areas of consolida- 
tion were present This was especialh true in the lower lobes Some of these csiities 
extended directlj into dilated bronchi 

Lymph nodes The lulus, peritracheal, peribronchial, and periaortic nodes were enlarged 
up to 3 b} 2 bj 1 cm and on section w ere mottled graj black In some of the nodes the cor- 
tex w as graj ish pink and homogeneous w ith an occasional j ellow fleck The heart weighed 
275 Gni and small 3 mm xerrucae were present on the free border of the mitral x’ahe, 2 



1 .* t ‘ ^ - n 7 !! " 1 0 

Fig 1 (upper) Both kidiiex s cut open Xote graj nodular and wedge sh sped lesions that 

mvohe cortex and medulla The right kidnex is less mxohed than the left 
Fig 2 (lower) Left kidnex Note nodular masses that disfigure the organ 

mm aboxe the corona The lixer weighed 1,200 Gm and its surface was smooth although 
studded throughout with miliarx nodules which were pmhead-sized and graxish white 
The sectioned surface was reddish broxxn xxith exaggerated markings The small nodules 
described beneath the capsule of the lix’^er were present throughout the parenchxma 
The kidnex s weighed 250 Gm together (figure 1) The surfaces, especiallx of the left 
(figure 2), were deformed bx large, tan nodules which extended aboxe the surface and nicaa 
ured up to 4 cm^ in diameter The capsule stripped w ith some difficultx leax ing an irregular 
surface xxith the nodules alreadx described In the center of some of these nodules were 
irregular areas of light xelloxx The nodules described on the surface extended throughout 
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tlii'tiiiin i< i*'( til 1r\ in 1 lilt! iniM'-nii tl 11)1 i<> J 5 t m in wiillli nul I j in lU ptli, m some in 
•-! nil I •- ilu \ Will witln ^li i)>ul lilt inlnidiun of liit p in'tirlum i w is otlierwisc dis 
(('•nil'll i!.!uini,h linn w is diriiisi pnrpli M'llnw ind n d nniltliii!: 'Jin ]iehis\\is not 
dd ltd inn t'n nimt' i w is p tit 1 In' pi npr !\ u f ii \i is s( rmis in n itiin 'J lie iirost'ite ind 
si min d \ • s|i It s w, rt t "i nli dh noriii d I lie ti stn U s topetlier \\( i^lied 10 Gin Tin tpi 
d’d\ nil \\i n diffiis 1\ iiiilnnud nid slif,htl\ nodtil ir On «trtion tlie\ ijipe ired to lie Inns 
fii-'iitd mill dt ns( Idirniis ronindm itssne m wlmli sin dl isl mds of i lii;liter I in wen 
imiis! 1 In re i\ IS no I \ ideiiii of e isi ition or f,r inuloiii i on uross o\ iniiii itioii 1 he tiiiiit i 
\ mill ill' ind iiinn i dlnmiin i i|ip( in il in irki dl\ ihninned T he l( shcle propi r w is dis 
colon d 1 \ i llovv I in 111 M hu h iiiiini rmis hhrous sir mils w ere noti d I hr seminiferous tulniles 
did not s( p ir lii i mih 

lu (j c< 1 fill enu) r\(tpt for some I dl in 1 the ))i 1 ir lehnoid w is ^,rossh not rcninrk 
dile lloth ( \ I s wt ri niiioMd indsint to the \riin Mt die il Miiseuiii Ti lie report will up 
pe ir III iiiioihir piihlic ition 


IlIslOl \TIIOIO(.1 

I tifi,’ itlmd throiinhout tin setlion wire discrtlo nodiilts composed of cpitlielioid 
Cl 11s mil oci ision d inultimicle ui d i.i mt ci 11s 1 In re w is no re u tioii iboiit these nodules 
1 he c i\iti( ' iksirdied in the lentr il portions of the pniumomc ire is were lined In dense 
filirous cotinutnc tissue dthoiiith it w is \tr\ ii irrow m jil ices \t such points dilated 
\(.ssils iswill IS ihioli eiicro ichi d M n close to the luiiKii In the sni illcr c v\ itics, bron- 
chi il ipithilium, hit,h loluniiiir m ilnrntir, for tin most ]nrt dcmided, were noted In 
=01111 in IS Ilf tin wall thin wire bro id rones, eisih occupMii!' in entire low power field 
in wliith onh In dinired lomiecini tissue w is found with m occasional 1 ir(?c k' mt cell of 
tin foremn boih t\ pe, swolh n histioci tes, mil round cells There was dso i proliferation 
of brom III d i pitln hum to form psi udo idciioiii itous are is 0 l< ision ilh such a structure 
w IS filled with (ibriii md jiiis ci lls Uro id binds of fibrous comiLCtne tissue were found 
tlir(iut,hout the sn lion in winch in occ isioii il tpilhelioid tell iiicl (iiaiit cell could be found 
The iiiti rtciimn lutif, p irtnclnin i w is comiioscd of ihcoli which were packed with pus 
cells Hid fibrin One could still discein dil ited itria and ah coli sugRCstive of an eniply’sema 
The iilcuri w is mirkedh thickened md w is fused with some of the focal arc is of fibrous 
comicctne fi«suc of the Unit; p ircntlnni i Here, loo, one found a gi iiit cell of the Toulon 
or eccn the L High ms’ tc pe m idditioii to the foreign bod\ \ iiictj Elastica Van Gieson 
stain rc\c iled that the In dmized fibrous coiiiicclnc tissue w is dispeiscd through the lung 
parentln in i is foe d nodules is well is coimcctiiig b iiids, all staining red to leddish pink 
The w ills of till c miles were lined In dense fibrous comicctne tissue for onlj approxi- 
ni itch one third of their di imetcrs, the rein under being composed of delicate fibrils stain- 
ing reddish jnnk \ striking feature was the paueilt of el istic fibrils in the alveolar walls 
One noted sm dl fr igmcnts of bl ick st lining fibiils on onh one aspect of an alveolar wall 
or none it all The dil ited bronchi with intact epithelium described contained onlj' an 
occ ision il cl istic fibril Mam of the \cms presented a thickening of the internal elastic 
niembrmc with jirolifer ition of fibrils is well as iiilcrruplioii of the internal elastic mem- 
brane In some the intinii was wide as a result of connective tissue proliferation 
IIjIu's and jici 1 1 radical h/mph nodes Dcsjnte the fact th it 90 per cent of the Ijmph node was 
mvohed m the gi inulom itous piocess, the niirginil sinuses were wide md showed prac- 
ticallj no in\ohemeiit The iioinial architecture of the node had been entirely disrupted 
Both corte\ and medull i were the seal of fibiosis and hialimzation in which an occasional 
gi Hit cell and groups of einthelioid cells were found Occisionalh there were tj'pical gran- 
ulomas composed of in epitliplioidfibiocj to tape of cell is well as m occasional giant cell 
Silver stain lovedcd in intiicate netwoik of aigontophil fibrils extending thioughout the 
entire gland showing onh rire dissolution within some of the active granulomas Some of 
the giant cells presented inclusions composed of irregular deep blue staining bodies (lie- 
matoxjlin ind eosm stun), the so called Schauniann inclusion bodies Other giant cells 
contained vacuoles or phagocj tized nuclear debus On examination of five left axillary 
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nodes, tile invoh ement could be tneed from n smglclicelcd nodule in the center of i follicle 
up to 50 per cent involvement of the node In c\ crN c^sc the specific grinulomis n ere found 
in the center of the follicle ind neier in the mnrginnl sinuses Stages were noted from the 
epithelioid tubercle through those Mith fibrinoid central necrosis and finalh to those shelv- 
ing hialinized scarring Sihcr stain re\taled onl\ slight dissolution of the argentophil 
fibrils, especialh in the region of specific granulomas Cristal Molet stain iias negative 
for amiloid 

There ins no specific involi ement of the heart, spleen, pancreas, or gastro intestinal 
tract 

Lii'cr Scattered throughout the liver were milian nodules composed niamh of a co 
agulation necrotic material in iihicli nuclear debris was still in evidence with a small pe- 
ripheral zone of fibrocites, occasional giant cells, and a zone of hmphocvtes The liver 
cords otherwise were fairh well preserved The capillarv sinuses were wide and there was 
an increase in periportal connectiv'e tissue Sudan II stain revealed a diffuse deposit of 
lipoid material m the livmr cells as well as in the central portion of the tubercles described 
Kidneys The larger nodules described grosslv were composed of coagulation necrotic ma- 
zerial in which ghosts of the original structure were still discernible This was even more 
clearlv' demonstrated bv the Elastica Van Gieson stain There were no specific or round 
cell infiltrations about the necrotic zone but capillarj dilation was prominent The necrotic 
foci blended in w ith the kidnev parenchj ma although there w as a marked interstitial fibrosis 
adjoining the nodules In addition to these large areas, there were smaller foci composed 
of epithelioid cells which sometimes showed central fibrinoid necrosis and contained a rare 
giant cell In other places such nodules were composed of hj ahmzed connective tissue onlv 
A striking feature was the involvement of the medium-sized and smaller arteries The 
medium-sized arteries, especialh in the medulla were surrounded bj and invaded with a 
granulation tissue that was composed of fibrous connective tissue for the mam part, histio 
evtes, and an occasional epithelioid and giant cell Manv of the vessels were almost com- 
pletelv occluded bj such well-organized thrombi Sections of the wall of the arterv were 
entirelj replaced bv a similar pathologv which interrupted the elastic and muscle tissue 
bundles hlanj of the small arteries of the cortex vvere surrounded bv epithelioid cells 
giant cells, and a few round cells, media and adventitia were anuclear while the intima still 
maintained an intact endothelium (figure 3) Other vmssel walls were entirelv anuclear as 
well as the surrounding tissue for distances of three and four times the width of the vessels 
(figure!) There was no cellular reaction of am kind The vv alls vv ere edematous and stained 
diffuselv pale pink with hematowlin and eosin Still other medium-sized vessels vvere com- 
pletelv obliterated bv dense fibrous connective tissue in vvhich recanalization was present 
or absent Elastica Van Gieson stain revmaled m such instances an interruption of the in- 
ternal elastic membranes with marked proliferative changes in the intima to complete 
occlusion (figure 5) Other changes consisted of dilatation and atrophv of the convoluted 
tubules in which numerous casts were noted There was marked interstitial fibrosis and a 
certain amount of thickening of the afferent arterioles to the glomeruli Some of the glo 
meruli showed atrophv and hv alinization of the glomerulus proper The medulla was rela 
tivelv uninvolved The pelvis showed a slight amount of round cell infiltration beneath the 
epithelium but this was not excessive Fat stain revealed that the central portion of some 
of the large necrotic areas contained much f it and that numerous phagoev tes also 1 iden 
with f it surrounded such areas a fact not clearlj evndent with the hematoxvlin and eosin 
stain There also appeared to be fat m the glomerular capill ines, being present in the lumen 
of some of these vessels as well as in the endothelium Main of the casts took the fat stain 
The epithelium of the tubuli show ed verv little fat 

Xo definite abnormalities were noted in the prostate In the epididvmi there w is an 
increase in fibrous connective tissue which in places effaced some of the ducts In addition, 
there were accumulations of round cells in which swollen epithelioid cells were noted VI 
though these infiltrations were not characteristic of a specific involvement (hcv were irri 
suggestive of transformed specific nodules bv secondarv round cell infiltration 
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Tcshdc The tvinici \ iRinihs ^\ \s mirkedh thickened b^ dense fibious connective tissue 
in which snnll grinulomis weie scitteicd, composed of epithelioid cells and lound cells 
An occnsioinl gnnl cell w is noted The \cssels showed no specific involvement Theie was 
a m irked uicreisc in fibious connectne tissue within the testicle piopei with i eduction of 
the number of interstitiil ceils Sperm it ogencsis w is not noted and there weie no sper- 
matozoa in the luniiiia of the tubules 



Fig 3 (uppei left) Specific granulomatous periuteutis and arteritis of small aiten of 
kidiiej Note tjpical sarcoid granuloma about vessel ind edemxtous vessel wall with some 
cellular infiltration 

Fig 4 (upper light) Nonspecific neciotiniig artentis and periarteritis Note edematous 
xiiuclear wall of smill arteij and almost complete occlusion of lumen The kidnej paren- 
ch\ ma about vessel is xlso aiiuclear 

Fig 5 (lower) Complete obliteiation of lumen of medium sized arterx of kidnej Oc- 
cxsional giant and epithelioid cells aie still present in the fibrous tissue thrombus Note 
mteiruption of elastic nienibianes at x'anous points (I) ind prohfeiation of same at others 
(P) Elastioa Van Gicson stain This vasculai change resembles the surgical biopsx of h mph 
node taken eight months befoie death except that the thrombus was more granulomatous 

PtUnlmy There appeared to be small foci wheie the cellular elements showed varjing 
stages of degeneiation from swelling of the cells and Inahmzation theieof to pxknosis and 
disintegi ation Basophilic cells weie prominent but thej did not supersede the eosinophilic 
varietx The pais ncivosa was not remarkable 

Sim The iiclntcctuie was well preseued Theie was no specific process in the sections 
studied 01 noticeable vascular changes 

Bram (Front il, occipital lobes, internal capsule pons) The piaarachnoid ox er the occipital 
lobe was infiltrated with histiocxtcs and round cells Scattered throughout the brain were 
solitary nodules composed of either a central giint cell or capilian ind surrounded by 
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OMidato of ojjitlielioKl lihroid t\])( of (oils In sonu mst inccs, the contnl \ccsel was ob- 
liter itcd 1)\ simil ir ( \ud do In tin iiu dull i, tlio \ ircliow Robin sjjaco about sni dl \cssels 
wort' surrounded b\ ( tiffs of lustiocv tt s, round rolls, pus rolls, jilus t sm til rone of necrosis 
( crontritalh loc ited 'J lus o\ud itc ( \t( ndod into the wall of the \ os'-el, at tunes obliterating 
tlic lumen llio )) irontlu m i surrounding the \cssol w is dso iinohcd with a similar c\u- 
dati Tit slam rc\ oiled i \ellow st lining mitori'd in some of the cipill tries of the cortex 
free in the lumen is well as in tlit ondotlidium of the t ipill trios No f it w is found about 
the ca])ill irits, free or within so rilled gittor tolls 

Ccri teal cord V sm ill nodult was noti d in tlu commissure comiiosed of t rentr il co igulation 
nocrotit zone ind periphon of swolitn liistiocitcs ind round cells Some of the xessels 
showed culhiig with i Inahiio dogonor ition of the xtssol w ill ind n irrowmg of the lumen 
(figure G) 'I lus w is found in both gri\ iiid white mittor 

There w is it pile innkish blue (hcmitowlin ind oosui) initrix scittored throughout the 
bone III irrow , arringed in irrcgulir ihooli suggestue of the old fit spices Fat w is prac- 
ticilh absent There w is m irked mxcloiioiesis but the shift w is dccidcdh to the right 
Eri Ihropoicsis was rire, the rolitioii being ibout 10 1 Tliere wore pociilnr giant rolls, 





Fig 6 (left) Ceriical cord with pern iscul ir cuffing and In time degenerition of lessel 
wall and marked narrowing of lumen 

Fig 7 (right) Bone marrow showing small arteries with thickened walls and nan owed 
lumina 


some containing bizarie nuclei with piknotic chromatin, others were niultinucleafed and 
resembled a foreign bodi tipe, i et there were no definite granulomi of a specific process 
Vascular changes were prominent m that small arteries showed m irked narrowing of their 
lumina as a result of internal proliferation, the lumen to w all ratio being 1 4 (figure 7) 
FjisI metatarsal bones (Head, leftandnglit) On gross inspection of thesbde, oneimiiiediateh 
noted that the left was more delicate in its ircliitectuie than the right The aiticulir car- 
tilage of the left was one-half to one-tlnrd the thickness of that on the right An eiichondral 
zone of calcification was distinct but narrow The bom trabeculae were about one half to 
one-third the thickness of those on the right The periosteum of the left, howeiei, w is 
greatlj thickened as compared to the right, in places being two to three times as thick and 
composed mainlj of what appeared to be a lit abinzed connectixe tissue The bone marrow 
in both was fattj and showed ven little response The larger xessels present m the sec- 
tion of the left show ed thickened w alls, some as a result of hx perplasia of the intinia The 
lumen to wall ratio at times xxas 1 1 on both sections NTo specific process xxas noted in left 
or right metatarsal bones 


Bacteriological Studies 

Ziehl-Neelsen stain of smeais fioni the lung and sections of lung, kidnej , hxei, spleen, 
and lymph nodes lexealed no acid-fast bacilli IMethjdene blue and jMacCallum’s stains 
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tion centrnlh Xo rennrkible ch'ingcs, \ iscuHr or otherwise, were noted in tlic kidncx 
Scittered throughout the cortev of the peritncheil hmph nodes wore discrete iiut con 



I'lr S (lUiiic I jug (intr lent iiioous groupt Mihir\ iiodiilf' of luer ( V', ''jilei n tit), iiid 
lungtC' T ho lo'-ions irc composed tn iiiil\ of ‘•uoilpn liistioei to- ind in oce ision d gi int 
cell Note ih-cnce of reiition ihoiit the nodulc'' 
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vade the cortical sinuses which were free Some of the nodules had accumulations of pus 
cells centrally, many of which were degenerated The position of the lesions and the nature 
of the reaction, except for pus cells, simulated very closely those found in the lymph nodes 
of the patient Examination of two sections of the lungs failed to reveal any specific changes 
Ziehl-Neelsen stain revealed acid-fast organism in the spleen and peritracheal lymph nodes 

Only one of the animals inoculated intraperitoneally was examined post mortem The 
spleen was slightly enlarged and presented occasional yellow gray nodules without evi- 
dence of gross caseation There were no other remarkable findings 

Microscopic examination {guinea pig 4S-ZS) There were several nodules in the spleen which 
were confluent, composed of epithelioid cells for the most part m which an occasional round 
cell and giant cell was dispersed One of the nodules had a central area suggestive of co- 
agulation necrosis In the peritracheal lymph nodes there were small zones, especially 
in the cortex, composed of epithelioid cells which did not form distinct nodules There were 
no specific changes in the lung or liver Ziehl-Neelsen stain revealed acid-fast organism in 
the spleen 

Lesions of the organs of each animal were pooled, emulsified, and concentrated (4 per 
cent sodium hydroxide neutralized with 15 per cent hydrochloric acid) and spread over 
egg media No growth occurred after six weeks of incubation 

Anatomical Diagnosis 

1 Sarcoidosis, generalized, involving lungs, kidneys, liver, peritracheal, peribronchial, 
and hilus lymph nodes, and brain and meninges 

2 Panarteritis and periarteritis of small and medium-sized arteries, generalized, sarcoid, 
and nonspecific in character 

3 Emboli, fat, of glomeruli and capillaries of brain 

4 Infarcts, ischemic, of both kidneys 

5 Encephalitis, disseminated, and myelitis 

6 Osteoporosis of first metatarsal and thickening of periosteum, left 

7 Bronchiectasis, focal, saccular, with cyst formation, of both lungs 

8 Bronchopneumonia of entire lung and lower lobe of left lung 

9 Atrophy, fibrotic, of spleen 

10 Atrophy and fibrosis of both epididymides and testicles 

DISCUSSION 

This typical case of sarcoid, in which the tuberculm test remamed negative throughout, 
presented almost every form of disease heretofore described plus renal mamfestations 
which w'ere hitherto unreported Thus, there were syndromes related to the eyes, parotid 
glands, skm, bone, central nervous system, and mihary mvolvement of virtually every 
organ in the body The lesions of the kidneys were primarily vascular, with specific granu- 
loma surroundmg and/or mvading the medium-sized and small arteries, occluding some to 
a marked degree (panarteritis and periarteritis) These vascular occlusions led to mfarcted 
areas of necrosis of the parenchyma of the kidney In addition to the specific changes, 
there were nonspecific alterations of the small arteries that appeared to be more recent 
There was diffuse necrosis of the entire wall which m some instances extended to the pen- 
vascular tissue Vascular changes w'ere present m other parts of the body The small 
arteries of the central nervous system were for the mam part surrounded by round cells, 
some havmg edematous w^alls, others showing complete necrosis of the walls Tlie bone 
marrow and epididymis presented thickened walls and narrowed lumina of small artenes 
The small arteries leadmg to the lymph nodes presented mvasion by specific granuloma, 
with occlusions of their lununa Invohement of the kidnej’’ by miliarj’- sarcoid nodules has 
been described frequentl}'', but clinical symptoms related to the kidnej's m sarcoidosis hax e 
been rare Azotemia has been reported m 4 cases with nonprotein nitrogen values up to 90 
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mg per 100 cc (1, 2, 3, 4) These findmgs were not associated as a rule with an eleration 
of the blood pressure (154 systohc and 115 diastohc in one case) (3) The urines in these 
cases had a low specific gravity (1 006 to 1 012) with albumin and casts Only one of these 
cases came to autopsj'’ (2) The kidne 3 ns were somewhat smaller than normal with a granu- 
lomatous surface hlihary sarcoid nodules as well as caseatmg nodules of tuberculosis were 
found on microscopic exammation In the case here reported the termmal picture was that 
of a inahgnant hypertension with urerma The highest nonprotem mtrogen (post mortem) 
was 360 mg and the creatinme 4 5 mg per 100 cc The etiology of the hypertension can 
be ascribed to the occlusion of the medium-sized arteries by specific sarcoid granuloma, 
sunulatmg the Goldblatt tj'pe of kidney The occlusion of the arteries, howei er, was com- 
plete m many mstances and resulted m multiple anemic infarcts The nonspecific thicken- 
mg of the walls of the small arteries associated with the narrowmg of the lununa, as noted 
m other parts of the body (bone, marrow, epicardium, epididymi), is probably related to 
the hypertension The necrosis of the walls of the small arteries m the kidneys as well as 
m other organs appeared to be a more recent process as it was not observed m the nodes 
removed surgically eight months before death of the patient At that tmie there was spe- 
cific granulomatous mvolvement of the arteries It is difficult to determme whether or not 
the necrotizmg arteritis was related to the hypertension, the sarcoid speeificall}’’ (5), or to 
a termmal hyperergic state (6) Necrotizmg artentis has been described m all tliree con- 
ditions Staehlen (5) reported necrotizmg arteritis and penarteritis nodosa m a case m 
which the sarcoid-hke pathology origmated m the nose, extended directly to the bram, 
and finally metastasized to the rest of the organs Similar finding s were observed by Wem- 
berg and Gartside (8), Rossle (9), and Teilum (10) The cyst-hke canties of the lunp here 
descnbed were mentioned m only two reports (11, 12) Rubm and Pmner (11) considered 
the process to be on an emphysematous basis The studies here presented usmg special 
connective tissue stains mdicate that it is bronchiectatic m character resultmg from peri- 
bronchial fibrosis and loss of elastic tissue The absence of m\olvement of the afferent 
l 3 miph channels and the margmal smuses by the granulomatous process in the TOst 
majonty of the lymph nodes studied m this case makes this feature an aid m the differ- 
ential diagnosis of sarcoidosis and tuberculosis Except m mihary tuberculosis of the lymph 
nodes, mvasion of the nodes is usually by way of the Ijonphatics n ith tubercles m the 
margmal smuses In sarcoid this is rare, as the disease m the nodes is most likely on a 
hematogenous basis In exa minin g many surgical specimens this fact nas borne out 
Rarely there may be extension of the cortical process mto the margmal smuses The sig- 
nificance of Sudan III stammg material m the capillaries of the glomeruh and in the 
endothehum proper, as well as m the lumen and the endothehum of the bram capillaries, 
and the near depletion of fat m the bone marrow sections studied is not completely under- 
stood This subject will be discussed m a subsequent paper where experimental studies 
in animals gave a possible clue 

The most unusual findmgs were the lesions m the gumea pigs mjected mtradermalij 
and mtrapentoneally with an emulsion of the hilus lymph nodes Weekly biopsies of the 
skin of the former for three weeks and one at six weeks showed no specific patholog}’’ but 
the lesions persisted for six weeks The tubercuhn test was strongly positiie m both 
groups of animals after three and six weeks usmg 10 mg O T Upon the death of the ani- 
mals six weeks after moculatiou, gross and microscopic lesions of the Ijunph nodes, h\er, 
spleen, and lung were suggestive of sarcoidosis This was especially true of the mtrader- 
mally mjected anunals Here, as m humans, the m\ oh ement of the lymph nodes excluded 
the margmal smuses Ziehl-Neelsen stains rei ealed numerous acid-fast bacilh m the hi er. 
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spleen, Iiing, and Ijnnph nodes Cultures of these organs on egg media were negative for 
tubercle bacilli The lulus node of the patient was used for the moculation because it w'as 
one that was extensivelj'- involved and was large enough to seive for entire expenment of 
cultures, smears, and animal inoculations There was no evidence of tuberculosis m this 
node as noted bj microscopic section, smears, and numerous cultures of the digested and 
undigested material Search for the tubercle bacilh m the human material whether by 
microscopic section, smears, or cultures w'as entirely negative Cultures of the lymph 
nodes on brain mfusion broth, blood agar, and thioglycolate media did yield a group of 
banal type of organisms w Inch shall be discussed m a later paper In the histologic sections, 
unidentified gram-negative bodies were found m the cells of the reticulo-endothehal 
S 5 'stem of the l 5 Tnph nodes by methylene blue and MacCallum’s stams for bacteria 

SUMMARY 

1 A case of Boeck’s sarcoid is described with the unusual features of generahzed spe- 
cific arteritis and penartentis as well as nonspecific necrotizmg artentis Associated with 
the above were hypertension and urenua 

2 Sarcoid material mjected mtradermally and mtrapentoneally mto gumea pigs pro- 
duced a hsTierergy to Old Tuberculm and lesions of the lung, hver, spleen, and Ijunph 
nodes that closely resembled sarcoidosis Numerous acid-fast baciUi were found m the 
lesions but cultures of the organs were negative for tubercle bacilli 

3 A banal group of organisms was isolated from human sarcoid material and will be 
elaborated upon m a later report 


SUMARIO 

Estudws Patoldgicos y Expenmentales del Sarcoides de Boech Comumcacidn de un Caso 
con Panarlenlts, Penartentis e Hipertensidn y Uremia Terminales, y Reproduceidn 

de una Lesi6n Sarcoidea en Cobayos 

1 El caso de sarcoides de Boeck descrito mostraba las caracterfsticas extranas de 
arteritis y penartentis especfficas generalizadas asf como de arteritis necrosante anespe- 
cffica, habiendo ademds hipertensidn y uremia 

2 La sustancia sarcoidea myectada mtraddrmica e mtraperitonealmente en cobayos 
produjo hiperergia a la tubercuhna antigua y lesiones de los pulmones, hfgado, bazo y 
ganghos linfdticos, muy semejantes a sarcoidosis Aunque se encontraron numerosos 
bacilos tuberculosos en las lesiones, los cultivos de dichos drganos fueron negatives para 
dichos bacilos 

3 Del matenal sarcoideo humane se aisld un grupo de microbios banales que se 
comentard mds a fondo en un informe subsiguiente 
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ERYTHEMA INDURATUM BAZIN‘ 


Report of a Proved Case Associated with Tuberculous Lymphadenitis, Completely 
Relieved by Tuberculin Desensitization 

aillODOHL'l 10\, IlLMfi h IVrrL, AM) LOLIS LICIirEXSTEIX 
(Received for public itioii October IS, lO-iS) 

INTRODUCniON 

The literituie on tlic subjett of civtlicini iiuhii ifuin Ins been nthei scant in lecent 
vcii"^ It comi'-ts in unlv of biief icnniks deiling witli clinic il diagnostic featuies in 
triiiKu tiom of deiin itologic il «ocietics, vvitli onh in oicisional mention of unsuccessful 
tlienpv The inteinist, iiipaientlv, is little acquimted with tins entity, notw itlist incling 
the f ict til it eiv tlicin i iiuluntum is ineielv i leflection of v sy'steniic disease jiiocess 
The purpose of tins icpoit is to considci some ctiologu and p itliologic factois of Bazin’s 
di«eise iiicl to clemonstritc the feisibility of a tliei ipeutic success by means of desensiti- 
zation with Old Tubeicuhn, foi some reason i foi gotten therajieutic agent 

Com])aritivelv little has been iddcd to the oiiginil clesciiption of eiythema induiatum 
bv Bazin (1) m ISGl He iiointed out that the red mdui itecl plaques aie pione to develop 
in girls of scrofulous constitution, that they ippeai conimonly^ on the legs, although they^ 
might occasion dly occui elsew here, th it these pi iques are nev ei itchy and seldom tender 
These clinicd fcituies, howevei, are apiniently insuflicient foi diagnosis by themselv^es, 
IS there ueothei nontubeiculous conditions which may give use to nodulai eiydhematous 
lesions w ithin the skin and subcutis w ith w Inch erythema inclui atum might easily be con- 
fused, c p , en thcmi nodosum (2) ^foieov'ei, Montgomeiy and his associates (3) pointed 
out that somewhat similai lesions clinic dly may'^ also develop on the basis of vasculitis 
and that still otlieis, pievnously lepoited as instances of eiythema induiatum, are more 
piopeily classed w ith the so-called saicoicl lesions of the skin Obvaoiisly, an accuiate diag- 
nosis IS essential foi x fxii theiapeutic evalu ition It is paiticulaily impoitant when the 
therapeutic aim lies fuithei than the local expression of the disease, and the therapeutic 
agent requires considerable caution in its administration 

RCPORT or CASE 

Imsi adimssion The patient, a 35 year old foinier Viennese dancer, was admitted to this 
hospital for the first tune on October 3, 1939 complaining of painful red nodes on her legs 
associated with swelling of the ankles, and also of some lower abdominal pain She stated 
that she had hid “ovirian trouble” since the age of 19, with exacerbations from time to 
time She had also had leukoirhei for manv vears In 1931 she had “drv pleurisv ” During 
the year prior to admission, she had lost fivm pounds m weight The menstrual cycle was 
normal The histoiy w is not significant otherwise 

The lesions on her legs, which constituted the major complaint, had first appeared in 
1929 as ery theniatous, hard, tender lumps about both ankles At that time, tonsillectomy 
was done and the patient also received some heat treatment The lesions, howevmr, per- 
sisted some months after the tonsillectomy and then regressed spontaneously , although 
the patient claimed that she was “always sick with her legs” during this period The lesions 
again recuired in 1932, lasted several months, and again disappeared spontaneously She 
had two more recurrences of the same difficulty m 1936 and in 1937, for which she received 

I From the Medical Sen ice and Division of Laboratories of the Hospital for Joint Dis- 
ease, New York, Xew York 
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biking incl mud ticitment in Cirlsbid Lich time the lesions Inslcd seieril months m 
spite of ibcrip\, uul then regressed The most recent recurrence, for which she ms id- 
mittod to this lios))it il, took pi ice in Viigust 1030 A\itli each crop of tender nodes on her 
lower legs, swelling ibout the inkles ippenred, cspecnih during icfuiti It should be 
noted tint the occurrence of the lesions w is not rcl itcd to the menstruil cicle nnd w is 
sppirenth independent dso of the seison of the \eir 

Phi/sicttl cxamvittlwn The e\es, including the fundi, were negitne The upper teeth 
were repl iced bj i ])1 itc, the lower gums were tender C\ imin ition of the lieert nnd lungs 
re\cnled nothing ibnorm il The blood pressure m mm of mercun w is 95 sistolic nnd 60 
diistolic Pilpntion of the nbdomcn reieiled slight tenderness in both lower qundrnnts 
nnd on pehic c\aminntion there w is noted i diffuse tender indiirntion, the size of n fist, 



Fig 1 Photogrnphs showing the piesence of multiple indurnted nodes on the posterior 
and Internl surfnees of both legs These nodes weie tender iiid mnin of them, though not 
all, were erj themntous Some swelling of the nnkle regions w ns ilso present 

situated to the light of the nndline nnd limiting the mobihti of the uterus Xeurologic 
examination was negitne except for absence of the left knee jerk On the posterior nnd 
lateral surfaces mnmlj of both legs, there were n number of er^ themntous are is, \ nri mg m 
size from 1 to 2 cm in diameter nnd, beneith them, tender mdurited nodes were palpable 
Nodular indurations could also be felt in other areas on the enhes, where the oicrbing 
skin was not erj themntous Some edema of the ankles w is present (figure I) Iside from the 
legs, onh a single nodule on the later il surf ice of the right arm w is obsen ed 

The liborntorj findings weie not significant except for an mcreiscd sedimontntion rite, 
inning between 13 nnd 50 nira in 45 minutes The Kahn ind Kline tests were negitne 
A sme ir of the cen ix w as negatn e Roentgen examination of the chest f ided to show inj 
ex'idence of old or recent tuberculosis Roentgenograms of the bones of the lower extremities 
■were negatn e The tuberculin test was positnc in dilution of 1 10,000, but w is negative in 
higher dilution 

During the patient’s sty in the hospital, the temper ituro rem lined below 100° P On 
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thp tenth Iio‘?pit \l d i\ , the p iticnt pre^-ented two \\ lute centered p tpiil ir lesions on the left 
index tinker which 1 iter hei 'line purplish uid, sul>seqtiontl\ , w irt-hkc in ippeir’iiice The 
liilient ncilleil hniiift h id Mioh lesions prc\iousl\ on her palms After seienl dits, the 
lesions on the lower i xtreiiiities bee inie p iler, loss indur-itcd, and somewh it scnlj , iiid the 
tenderness ibitcd llowo\ or, there w is i tendenej for new lesions to ippeir \.t about this 
tune ileo in eruption of simll rod pipulos tppeared on the right buttock While in the 
hospit il the pitient icicned tweiitc short wnc treatments to the pehis, iiid w is dis- 
chirged on Noe ember 10, 1'130 V tentitne thnicil di ignosis of enthenn induratum was 
111 idc b\ one of us (1 T I ), lUhough some obseners leaned tow ird the impression of 
ere them 1 nodosum It w is felt ilso tint the ercthcmitous skin lesions were somehow as- 
sociited with the iiehic eondition 

Stroud odniissioii (Nocember 21, 1030 to Fcbrtnrt 10, 1910) The second idmissionwas 
prompted b\ the ippcarincc of i painful node abo\c thp modi il jiortion of the left clavicle 
and the rccurronce of i fresh crop of tcndei indurated nodules, man\ of them ci j them itous, 
on the upiier, is well is on the lower, extremities, including one on a finger Eximination 
receihd i group of tender, cnlirgcd supracl ivicul ir l\in]ih nodes The chest was clear 
The pitient w is igiin ifebrih 1 lom time to time, idditional smill, firm, tender, subcu- 
taneous pi icqties iiijieircd on the limbs and tended to regress after 12 to 48 hours The 
tuberculin test w is repeated iiid found defimteh positive in dilution of 1 10,000, slightlj 
positive in dilution of 1 100,000, but negatwe in higher dilution 

First sj III hiopsii On December 7, 1939, a biopsv of i nodule on the right leg was done 
The specimen consisted of i small piece of skin and a few bits of subcutaneous fat tissue 
Sections of the cutis showed slight keratosis, subpapillarv fibrosis, and perivascular infiltra- 
tion with Ivmphocv tes, iiioiioiiticlcai cells, and an occasional polv nuclear leukocjte More 
significant changes wore obseivcd in the subcutaneous fat tissue Within the lattei, there 
were numerous focal, discrete, or conglomerate nodules composed largely of epitheboid- 
likc cells and infiltrated bv Iv mphoev tes, scattered polj moiphonuclear leukoevtes, and a 
number of eosinophils Some of these nodular foci contained sm ill giant cells A few of them 
presented suggestive ire is of necrosis While thej had some resemblance to tubercles, 
their morphologv was bv no means tjpical The adjacent fattv tissue showed fibrosis and 
infiltration bv mil iminatorv cells No vascular lesions of anj kind were obseiv'ed Bv wav 
of diagnosis, it was stated it the time that the findings were not those generallv associated 
with erv thema nodosum While the specific diagnosis of erv thema induratum vv as not made, 
the opinion was expressed that the condition might conceivablv repiesent some peculiar 
expression of tuberculous reaction within the subcut ineous fit tissue (figure 2) 

First lymph node biopsy On December 20, 1939, an enlarged Ivmph node from the left 
supraclavicular region was removed for biopsv At the same time some of the pertinent 
tissue w as used for guinea pig inoculation The guinea pig w as sacrificed after ten vv eeks and 
showed no evidence of tuberculosis Sections of the Ijmph node showed its architecture to 
be conipletelv iltered and replaced bv a pleomorphic cellulai tissue rich in fibroblasts 
Dispersed within this tissue were numerous cells, apparentlv of reticulum cell origin, with 
pecubai large ovml nuclei md large eosinophilic nucleoli iManv of these cells were multinu- 
clear The histologic picture presented bj this Ijmpli node was legared as being veij sug- 
gestive of Hodgkin’s disease (figure 4A) 

Second shin biopsy On Febiuarj 1, 1940, a biopsv was again taken of a subcutaneous 
nodule on the left leg The specimen consisted of seveial small bits of somewhat indurated, 
subcutaneous, fat tissue These showed merelv a few focal collections of chronic inflamma- 
torv cells, pnncipallj aiound the smallei bloodvessels 

While in the hosintal, the patient received several loentgen treatments over the lower 
extremities without apparent benefit, and she was leferred to the Outpatient Department 
foi fuithei observation In the course of the next several months, she received additional 
X-rav therapv directed against the constantlj recuirmg lesions on the lower extremities 
without demonstrable effects, and the administration of livei extrict and vitamin prepara 
tions was likewise ineffectual 

Thud admission (Octobei 15, 1940 to November 15, 1940) The patient again returned. 
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presenting on the extensor surfaces of both cahcs numerous red, irni, tender areas \\hich 
wore indurated ind raised abo\c the surface of the skin V few similar lesions wore present 
ilso on (he (highs There w is i eoiloscence of (hose are is about the ankles, with goiieril 
indur ition but no edem 1 Outlie irms, i few irregular subcut ineous plaeques were pilpable-, 
uid o\cr both elbows there were reddened, glistening papiil ir, circular lesions, which 
were psoriisis like in chiractcr It was thought bi some obseners that the spleen was 
cnlirged The 1 iboraton findings were essenti ilh ispreiioush recorded 

Thtd shn btop^i^i Still inother biopsi of i nodule on the left leg w is taken on Xo\ ember 
2, 1940 The specimen consisted of se\ er d bits of subcutaneous fat tissues, one of which was 
coiered oxer bx i stiip of skin The f it tissue w is somewhat indurated iiid in places pre- 
sented a numbei of grosslx discernible, small, xcllowisli, milnrx nodules Microscopic 
sections showed csseiitiallx the simc findings tint were obserxed in the prexious biopsx 



Fig 2 Photomicrograph of a representatix e field in the subcutaneous fat at the site of a 
biopsied, indurated, and erx thenntous node Within this field there are sexeral contiguous 
nodules composed Hrgelx of fibrobi istic and histiocx tic cells and infiltrated bx lx mphoex tes 
and occasion il polx morphonuclear leukoex tes, including some eosinophils The adj icent 
fat tissue showed recent necrosis in places, beginning fibrosis, and infiltiation bx influnmi 
tor 5 cells X 100 

specimen The lesions xxere distributed thioughout the subcutaneous fat tissue piincipdb 
in the form of clusteis of miliarj nodules, some of which had a superficial resemblance to 
tubercles Concerning the ex'olution of the lesion in question, it was stated tint the litter 
appirentlx began as a subacute infl inimatorx focus infiltrated bx small round cells and 
leukocjtes, among xxhich eosinophils xxere proniincnt The fat cells m the inxolxcd are is 
xxere modified and were exmii replaced bx foam cells Tins xxas icconip lined bx the ap 
pearance of histiocx tes and fibroblasts, resulting in the dex'elopment of numerous discrete 
and conglomerate nodules Multmuclear giant cells xxere proniinent in relation to sonic o 
the nodules Exentmllx, the lesion appeared to regress, leixung onlx fibrous scars an 
scattered small nests of foam cells as residua (figures 34. and B) 

While no definitix'e diagnosis xx as x'entured on the basis of this biopsx , it x\ is felt 1 1 1 
the subcutaneous nodules appareiitlx represented some unusual and peculiar chronic in 
fiammatorx condition that w as not in itself clearlj tuberculous in character It xx as sug- 
gested, furthermore, that the subsequent course might clarifj the clinical picture as, in- 
deed, proxed to be the case 
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With bed rest, lecession of the skin lesions took place although thej^ did not disappear 
altogether, and the patient was again referred to the Outpatients Department With re- 
sumption of activitj , however, she again developed new crops of lesions on the arms and 
legs At about tins time, the appearance of a group of tender, matted I 3 mph nodes w as noted 




Fig 3A (Top) Photomicrograph of a lepresentative field m a subsequent biopsj speci- 
men showing a chistei of histiocatic nodules within the subcutaneous fat tissue Multinu- 
clear giant cells maA be observed in relation to some of these nodules Within the fat tissue 
generallj , one obsenes evidences of inflammation and organizing fat necrosis, leading 
ultimatelj to fibiosis and the appeal ince of nests of foam cells X 100 

Fig 3B (Bottom) Photomicrograph of a field from the lesion illustrated in figure 3 
showing a nest of foam cells reflecting the organization of fat necrosis X 150 


in the left supraclavicular region where a biopsj had been taken prei loush (the one show ing 
a picture suggestne of Hodgkin’s disease) There were also a few palpable Ijmph nodes in 
the anterior triangle of the neck, in the left axilla, and in the left inguinal region 

PoxiUh admtssion (Februirj 4, 1941 to Februari 22, 1941) At this time, seieral enlarged 
supraclai icul ir hmph nodes were excised for biopsi , as was also a wedge of skin and sub- 
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pul UIPOUS fit tissue from the biek of the cilf where i discrete, lurd subcutaneous nodule 
h id been palpable 

Sections of ill the h mph nodes submitted showed ireas of caseous necrosis and numerous 
discrete ind congiomorite tubercles, elearb indicitne of tuberculous hmphadenifis 
This impression w is lenfied b\ guinea pig inoculation (figure 4B) 

Fourth biop'^y The skin biopsi t ikcn on this occision rciealed an area within the 
subcutaneous fat, presenting i cluster of tin\ , p ile i ellow nodules, \ in iiig in size from pin 
point to 2 mm in di under Microscopic sections of these lesions showed chiiiges nithin 
the fat resembling those described in the precious biopsc , iiid it w is felt tint the lesion 
should be classified under the head of en thenia niduralum (Barm), a condition usualli 
held to represent a peculiar cut ineous ni inifcstation of tuberculous infection 

55'hereas the nature of the skin lesions and the associated limphadeiiopatln now seemed 
established, it w is decided to treat the patient b\ desensitiz ition to tuberculin The first 
dose idminisfcred (on Vpril 12, 1041) consisted of 0 1 cc of Old Tuberculin in a dilution of 
one to a billion The injections were giceii three times a week at two dac intenals, the 
second dose being 0 12 cc and the third 0 16 cc Following the third dose, an afternoon rise 
in temperature to 100“ F occurred and the ne\t dose was therefore reduced to 0 14 cc The 
subsequent doses administered were 0 IS 0 24, 0 32, 0 42, 0 54, 0 6S, 0 SO and 1 0 cc , respec 
tneh The tuberculin dilution used was frcshlj prepared each week and, when 1 0 cc of a 
gnen dilution had been reached a dilution ten times stronger was prepared Xo sistemic 
reaction was obsened until Jaiiuan 9, 1942 (almost nine months after therapi was insti 
tuted), when the patient had a chill and i temperature of 102° F , associated with diarrhea 
These untoward m inifestatioiis nni ha\e been coincidental, howeier, since treatment was 
resumed, continuing with gridualh increasing doses, without am further difficulti On 
Februin 3, 1942, a dose of 1 0 cc of undiluted Old Tuberculin was idministered This dose 
was repeated at weekh intenals on three occasions with no locil, focal or sistemic reac 
tions The treatment was discontinued at this point In the course of desensitiz itioii, the 
skin lesions and the enlarged hnipli nodes gradualh disappeared On Februin 1 1913, 
the tuberculin test was found to be eiitireh negatne with antigens of both hutinti and 
bovine strains 

The patient was seen subsequeuth on mam occasions iiid is still under obsen atioii 
She enjois good health, is at work, and traiels a good deal Her chest is clear The pehic 
mass which she presented origin ilh is no longer palpable and causes no subjectiie com 
plaints At no time has there been anj recurrence of the skin lesions or enlargement of 
li mph nodes -li tuberculin test done recenth (December 24 1947) was definiteh positne 
(human and bovine antigens) in dilution of 1 1,000 and slighth positne in dilution of 1 
10,000 Even though the patient is apparently no longer eompleteh desensitized, howeier, 
she IS still entireh well clinically and o\er si\ years have now elapsed since tuberculin 
desensitization was discontinued = 


DlSCtJSSlOX 

The tieatmeiit of eiytliema induiatum by' desensitization to tubeicuhn was enthusi- 
astically' ad\ ocated as eaily'as 1905 by' 551iitfield (4), IMcCall-Andeisoii (5) ind othere (6)) 
who pointed out that the condition may' lespond unusually well to such tieatmeiit Tuber- 
culin theiapy' is at piesent laigely' neglected and many' clinicians coiifionted with ic 
pioblem of tieating eiy'thema mduiatum aie likely' to adopt a hissez fane” attitude or 
lesoit to meffectn e nonspecific sy'mptonntic tieatmeiit, employing ultniiolet ind X-p' 
niadiation, as well as lanous lotions and omtments Moie lecently (7) an ittenipt las 
been made to tieat the condition by chemothenpeutic agents such as promizol ind strep 
toniy'cm, but the use of the lattei has app iie ntly' not lesulted in any lasting benefit ^ 

- The patient was last seen bi one of us (T T F ) on December 2S, WJS She is chmcally 
well There were no recurrences of the skin lesions 
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The ciuient neglect of tnbeiculin tliei‘ip 3 ’^ stems largelj’’ fiom unfamiliaiity nith its 
benefits, but appiicntlj'’ also fioin theiapeutic failuies, some of which, at least, aie 
attiibutable to inicciiiate diagnosis oi to fiiiltj’' judgment and, paiticulailj , to undue 
haste in planning the couise of tieatment As Montgomeiy, O’Leaiy and Baikei (3) have 
emphasized, befoie embaiking on a long piogiani of tubeicuhn desensitization m a sus- 
pected case, one should lequne as e\idence of the piesence of erythema mduiatum, m 
addition to a positn e tubeicuhn leiction (1) biopsj'^ of one oi moie cutaneous ei jdhema- 
tous nodes shonmg the histopathologic jnctuie associated with the condition, and (S) 
pioof, 01 at least piesumptive evidence, of active tubeiculosis elsewhere m the bodj’’ 

As foi the thei ipeutic management, it cannot be emphasized too strong^ that tubei- 
cuhn desensitization, if it is to be effectu e, must be pi olonged and cautiously admmisteied, 
piefeiabl}’- bj a single obsenei, caiefully aAoiding even shght local oi systemic reactions 
So planned and administeied, the method is not hazaidous, as some have appaientlj'^ felt 
In the piesent case, the mitial dose of Old Tubeicuhn, as noted, was no moie than 0 1 cc of 
a dilution of 1 1,000,000 (1 10 (9)) and the mciements veie so small that almost a yeai 
vas lequned to achieve giadual desensitization Duiing that peiiod, onlj'^ one febrile 
episode vas noted, dining the ninth month of tieitment Indeed, even this episode may 
have had no lelation to the tubeicuhn theiapj’-, since the lattei vas lesumed shoitly 
theieaftei mthout anj'' untovaid leaction The lationale foi tubeicuhn desensitization is 
the ehmmation of undesii ible ind distuibing allergic manifestations and the fuitheiance 
theieby of natuial immunologic contiol of the tubeiculous infection On the othei hand, we 
do not intend to conve}’' the nnpiession that tubeiculm desensitization mil invaiiably 
lesult m as giatifying a clinical i espouse as nas obtained in the case leported Obviously, 
the result mil also depend laigelj’- on the \iiulence of the mfecting oiganism, a vaiiable 
factor that can be detei mined onlj'' empiiically (8) Puitheimoie, it appears that theie are 
occasional patients who are so exquisitety sensitive to tubeicuhn that thej' seem incapable 
of bemg completely desensitized (9) Theie is a possibility that the favorable therapeutic 
response m oui case was due m a measure to the fact that oui patient never teas leiy 
sensitive to tubeiculm 

It may be questioned bj’’ some, smce eijdhema mduiatum is a condition chaiacteiized 
by spontaneous i emissions, wdiethei tubeicuhn desensitization is to be credited with the 
giatitying clinical result m this case That is a valid lesei vation, to be sure, but in support 
of OUI view it may be pomted out that the patient has lemamed completety fiee of all 
clinical manifestations of hei disease for the past si\ yeais, whereas pieviouslj she had 
nevei been entirely fiee of complaints at anj'^ time, and duiing the two jeais preceding 
tubeicuhn theiap 3 ’’ had been developmg leciuient ciops of ei 3 ’’thematous nodes with 
gieat legulaiity 

The Hodgkm-hke picture observed in the supiaclavicular lymph nodes piioi to the 
development of mdubitable tuberculosis within the same group of nodes, is of unusual 
mteiest (figuie 4A) The eight 3 '^eai intenal that has now elapsed without the appearance 
of an 3 ’’ manifestations of Hodgkin’s disease and the continued good health of the patient 
w ould seem to exclude faiity conclusn el 3 any possibility of Hodgkin’s tymphoma On the 
othei hand, the lelevant Bmph nodes appaientty did not contain tubercle bacilh at that 
time, inasmuch as guinea pig inoculation w as negatu e It is equalty cei tain that the Bmiph 
nodes leappeaiing subsequent^ at the same site did show tubeiculous mfection smce the 
pathologic eMdence, ahead3' cleaity indicative of caseatmg tubeiculosis, was fuither 
substantiated b 3 ’- repeated guinea pig inoculition (figuie 4B) In all piobabihti, we are 
dealmg with a pecuhai and unusual h5q3Ciplastic foieumnei of tuberculous l3Tn]3hadenitis 
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eight years, during the last sue years of which she has remained free of all climcal mani- 
festations of the disease The histopathologic picture of the cutaneous lesions m various 
stages of their evolution is described The cutaneous lesions, at least as they manifested 
themselves m this case, seem to represent a peculiar, recurrent form of nodular panmeu- 
htis, developmg apparently as a reaction to tuberculous toxms or allergens elaborated 
elsewhere m the bodj’’ 

The development of tuberculous lymphadenitis was preceded by a peculiar hyperplastic 
reaction m the same group of lymph nodes, which simulated Hodgkm’s disease 

SXJMAEIO 

Enlema Indurado {Bazin) Comumcacidn dc un Caso Comprobado Asociado con Lin- 
fademiis Tuberculosa y Completamente Altviado con la Desensibthzacidn con Tubercuhna 

Este trabajo versa sobre un caso comprobado patoldgicamente de entema mdurado 
(Bazin), asociado con Imfadenitis tuberculosa, en el cual se obtuvo una “curacidn” 
aparente mediante la desensibihzacidn gradual con tubercuhna La enferma ha sido 
mantenida en observacidn clfnica por m^s de ocho anos, durante los liltimos seis de 
los cuales ha permanecido sin la manor mamfestacidn clfnica de la dolencia El cuadro 
histopatoldgico de las lesiones cutdneas en varias etapas de su evolucidn es descrito 
Dichas lesiones, por lo menos tal como se mamfestaron en este caso, parecen representar 
una forma recurrente, peculiar de panicuhtis nodular que constituye aparentemente 
una reaccidn a las toxmas o los alergenos tuberculosos elaborados en alguna otra parte 
del orgamsmo 

La aparicidn de hnfadenitis tuberculosa fu6 precedida de una pecuhar reaccidn 
hiperpldsica en el mismo grupo de ganghos linfaticos, que simul6 enfermedad de 
Hodgkin 
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PULMONARY ADENOMATOSIS^ 

Report of a Case 
BENJAMIN FREEDMAN 
(Received for publication September 30, 1948) 

INTSODtrcnON 

Pulmonary adenomatosis is a diffuse neoplastic disease of the lungs, affectmg the 
bronchiolar and alveolar hnmg cells It is regarded as a relatively uncommon disease m 
man In 1947, Simon (1) reported a case of puhnonaiy adenomatosis m man, at which time 
he stated that ten cases had been previously reported, m all of which, except one, the 
diagnosis was established at autopsy Hildebrand (2), m a later report of a case, estimated 
that a dozen cases of this disease had been reported It is very likely that more cases of this 
disease exist than the hterature would lead us to expect Especially because of its resem- 
blance to pulmonary tuberculosis and the fact that some of these cases must find their way 
to tuberculosis hospitals, a greater awareness of the disease on the part of sanatorium 
physicians should disclose a higher mcidence 

Although the disease bears some pathological similarity to a disease of sheep, variously 
known as Jaagsiekte, epizootic adenomatosis, and infectious adenomatosis, a relationship 
between the two has not been established 

Jaagsiekte, as pomted out by Dungal (3), was foimd to be mfectious and due to a pneu- 
motropic virus, strictly limited to the lungs and bronchi of sheep, and transmitted through 
the expiratory air No such transmissibihty m man could be ascertamed 

Pulmonary adenomatosis m man has the characteristics of a multicentnc neoplastic 
process Taft and Nickerson (4), m considermg the relationship of this disease to carci- 
noma of the limgs m general, were of the opimon that no sigmficance could be attached 
to this relationship The majority of lung carcmomas, bemg bronchogenic m origm, arise 
from the bronchial or bronchiolar hnmg Although some question exists as to the focus of 
origm of pulmonary adenomatosis, it is thought that it arises from the alveolar hnmg cells 
Histologically, however, there is no sharp demarcation between the alveolar Immg and 
the bronchiolar Immg, so that origm from the goblet cells of the bronchiolar mucosa can- 
not be excluded and, with this m mmd, a classification of termmal bronchiolar carcmoma 
would be tenable This is especially important when it is considered that one of the basic 
symptoms is the expectoration of large quantities of thm, mucoid sputum, produced by the 
goblet cells 

As was mdicated by Newberger and Geever (5), roentgenologic and bronchoscopic 
studies are of major importance m direct and differential diagnosis If the roentgenograpbic 
and clmical picture suggests a diffuse pulmonary neoplasm and bronchoscopy discloses no 
mvolvement of the bronchial tree, the diffuse form of alveolar tumor should be considered, 
especially where the clmical picture presente a recurrent bronchopneumomc process (o) 

The followmg case report brmgs mto evidence certam clmical features, vhich may pro- 
vide some enhghtenment regardmg symptomatology, clmical course, and pathological hno- 
mgs As was stated above, the recurrent pneumonic crises and the history of expectoration 
of large quantities of thm, mucoid sputum, are particularly worth recordmg 

1 From Pawling Sanatorium, Rensselaer County , New York 
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Fig 1 (Uppei left) Roentgenognni of Octobei 30, 19-46, iihen pitieat attended the out- 
patient clinic and a tentatn e di ignosis of pulmonarj tuberculosis was made 

Fig 2 (Upper right) Film of Febi uarj 13, 1947, show ing an est iblished pneumoperito- 
neum 

Fig 3 (Low er left) Film of Maj 6, 1947, follow ing a pneumonic episode 

Fig 4 (Lowei light) Film of Septembei 16, 1947 Last loentgenogram before death, in- 
dicating the progressive charicter of the lesion 

CASE KCPORl 

The patient, Mrs E W , w as a 29 3 ear old w hite housew ife Hei famil} history w as not 
significant Except for usual childhood diseases before the age of 9, she had always been in 
good health 

In the eighth month of pregnanc 3 , in JUI 3 1946, the patient suddenl 3 developed acute 
pain in the right chest, accompanied b 3 fever and clr”- * t-- t. 


260 


BEN'JUnv FBEEDMVN' 


phj sicnn, -i chest rocntgcnogrim « is taken and she w is told she liad pneumonia and pleural 
fluid On July 31, 1946, she gave birth to her third child Thedelner\ wasuneientful andshe 
vent home in the usual time 

She felt well until October 1946, w hen she again had pain in the light chest, accompanied 
b 3 cough and loss of weight At this time also she noted a sudden expectoration of a large 
quantity of thin, w aterj sputum Because of these complaints, she w as referred to the out- 
patient clinic of Pawling Sanatorium As the findings were suggestne of pulmonar's tuber- 
culosis (figure 1), admission for observation was arianged on Xo\ ember 7, 1946, approxi- 
matelj four months after the onset of her s\ mptoms 

Phjsical examination on admission showed a 29 jcai old woman who was 5 feet 4 inches 
in height and weighed 114 pounds Her usual weight hid been 125 lbs She appeared to be 
a noimallj nourished and developed white woman, except for extreme pallor, and the ab 
noinnl ph 3 sical findings were confined to the lungs There was bronchial t 3 qje breathing 
ovei the right upper lobe, with increased whispered and spoken loice Oier the lowei half 
of the right lung, there was flatness on percussion and breath sounds were absent 
Postenorl 3 and anteriorl 3 oier the mid portion of the right lung, there weie numerous fine 
rales, w ith egophon 3 at the le\ el of the fifth dorsal vertebi a posteiiorl 3 The breath sounds 
on the left were exaggerated, with a bionchial qualit 3 in the uppei lobe, but no rales were 
heaid The heart was not displ iced, was regular, and no muimurs were heard The blood 
pressure in mm of meicui 3 w as 104 S 3 stolic and 7S diastolic Lar3 ngeal examination w is 
entirely negative 

A serologic test for S 3 philis (Wasseimann) w is negative The er\throc 3 te count w is 
5,020,000 and the total leukoevtes 12,300 pei cu mm with a normal differential The con- 
centiatiou of hemoglobin w asS4 percent (Salih) The uiimhsis w as normal Screral sputum 
examinations were performed which were negative, but onDecembei 16, 1946, a 72 hour con- 
centration test was reported positne foi acid-fast bacilli Subsequeiith , monthh sputum 
examin itions from Januir 3 to JUI 3 , 1947, were all reported as negatne, except on Pebruar 3 ' 
12, 1947, when a few acid-fast bacilli were again reported, although cultuies of the specimen 
were negative for tubercle bacilli 

The patient was kept on the usual sanatoiium regimen but, because senal roeiitgcno- 
giams failed to show improvement and because of the bil itcral dissemination of the disease 
process, pneumoperitoneum was instituted on Januai 3 16, 1947 4 sitisfactoril 3 uniform 
pneumoperitoneum (figure 2 ) was maintained bi weekl 3 icfills of an, duiiiig which time she 
demonstrated clinical impiovemeiit with gam in weight and normil tcmpei iture, although 
the phi sical findings w ere in no w a 3 ' affected 

On March 17, 1947, theie developed an acute pneumoiiic exaceibation in the right lung, 
which responded to penitillin Theie was a recuiience of this eaih in iMi 3 , and a chest film 
of Ma\ 6, 1947, showed a progiessii e involvement of e ich lung (figure 3) 

She w as considered to have an unusual t 3 pe of pulnionaii tubeiculosis, for which sticpto- 
m 3 cin was advised Before deciding to undergo this tieatmeut, she took a leaie of ibsencc 
from the sanatorium, without approval She letuined on Juh 11, 1947, exhibiting a deterio- 
ration of her ph 3 sieal condition, w ith incieasing d 3 spiiea, loss of weight, ind incie ise of pul- 
monar3 findings, both clinic 1 II 3 and 63 loentgcnograni The pneumoperitoneum w is not 
maintained during her absence from the san itorium and the an w as illowed to ibsorb 
On Jul 3 14, 1947, she was started on 1 0 Gni of stieptonncin dull Treatment, tot ihng 
128 Gm , was continued without inhibiting the progiess of the disease (figuie 4) The onb 
toxic manifestation w is a slight dizziness Incieasing dispnci and c\ inosis required con- 
tinuous administration of oxi gen from 4ugust 20, 1947, until death on October 30, 1917 

A^ccropsy rttidings of Pleuial Caitlics and Lung’s 

Pleural cavities The right pleural caviti contained SO cc of cloudi pink fluid The sur- 
faces of the anterior part were smooth and glistening Tlie later il and posterior right pleura 
space was obliterated b 3 heai 1 fibroid adhesiie webs which bound the lung to the chest 
w all The right lung filled approximate^ one third of the pleural sp ice 
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llic left inlorol iteial plouril surfaces wore smooth, pink, and glistening There were 
sc\ or il he i\ \ filirout b iiuls, hut most of t he lung w is free fi om nclhesioiis The left pleural 
space eont lined 2o0 cc of cloiuK pink fluid The left lung filled ippro\imaleh one-half the 
plcui il sp ice 



Fig 5 (Top) Lungs show mg conti action with distortion Theie is marked chi onic pleuri 
tis of the lower lobe of the light lung 

Fig 6 (Bottom) Cut surf ices of right and left lungs 

Lungs (figure 5) The light lung weighed 560 Gm and the left 850 Gm Both lungs were 
verj iriegular in contour and were markedly distorted The surfaces w ere composed of nodu- 
lar masses of reddish tissue w Inch, on cutting, exhibited a finely granular, glistening surface 
The middle lobe of the light lung w as almost entirely leplaced by this tissue and the lateral 
aspect of the lower lobe (light) was composed of granulai, graiish-pink tissue which tore 
easily 
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Tlic cut suif iccs (figure 6) were finclj gi-inulnr, firm and graj isli-pink The upper nnd 
lo\\er lobes of f he light lung and the uppei and loner portions of the left lung were composed 
of firm, pink, glistening, moist lung (issue Ciepitntion n is present in these areas but ms 
diminished 

The chief bronchial blanches of each lung neic encised in the graj ish-pink tissue iiid 
their lumina neie almost completeh constricted 

The laige pulinonir3 \essels wcie patent 

Mtcroscopic Description 

Lungs In one section the pleura w is thickened bj hea%\ fibious tissue he iiih infiltrated 
bj collections of Ij mphoc3 tes Each and e\ er3 section of lung tissue showed the presence of 
large and small collections of at\pical but quite well diffeientiated columini epithelial 
cells (figures? V and B) Inplacestlieccllsappciiedtobeliningluiigaciiii The cells showed 
a tendenc3 to foim po!3 poid oi papillai3 projections which protruded into the lumiiia of the 
alveoli In some places the noimal lung iichitecture w is lost and the ah coin walls were 



Fic 7 A (Left) Low powei field showing the presence of large and smdl collections of 
atvpical but quite well diffeientiated columnar epithelial cells, which ippeii to be lining 
lungaemi Thecelkshow a teudeuc3 to form pol} paid oi pipilhiy piojections, which pio- 
trude into the lumen of the ah eoli 

Fig 7 B (Right) High powei field showing more detail 


replaced b3 laige masses of at} pical cells which showed i (eiideiiC3’^ to foim pipillir' pro 

jectioiis In some situations, ippareiKlj the sites of oldest growth, theie was fibiobhstic 

activutj and the tumoi cells were supported bj fibrous tissue Sections fiom the hil i of the 
lungs showed laige amounts of neopl istic tissue In no instance could the ongin of the tumor 
cells be tzaced to bronchial mucosa Mitoses net e occisionall} seen Blood vessel inv ision 
w as not noted 

In geneial the puhnonarj ahmoli weie dilated and contained laige nunibcis of mononuc- 
lear phagocj tes, but no P0I3 morphonuclear leukocj tes w eie seen 


DISCUSSION' 

Fiom a clinical viewpoint, the lack of specific diagnostic catena lenders in accuritc 
diagnosis of pulmonai3^ adenomatosis vei3' difficult The loentgenoginplnc findings ptr 'c 
piesent se\ei'il pioblenis in diffeiential diignosis As contiasted with i solikin piihnon- 
aiy tumoi, multiple tumois, associated with the concunent mflinimatoi3 changes, pro 
duce loentgenogiaplnc findings moie clnractenstic of pulinonarj' tubciculosis than o 
neoplastic disease The absence of tubeicie bacilli, liovvevei, in vaew of the usual wi e- 
spread loentgcnographic findings, should lead one to suspect neopl istic diseisc In adc 1- 
tion, several of the cases repoited piesented the complaint of evpectontion of large 
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quantities of thm mucoid sputum Distant l>mph node involvement by metastasis is al- 
most alnaj's absent in pulmonarj adenomatosis, so tliat biopsy for diagnostic purposes is 
precluded 

From the pathological aaen point, the important consideration is the origm of the neo- 
plasm, together ^\ith its proper classification If this neoplasm arises from the bronchiolar 
mucosa, then the classification of terminal bronchiolar carcmoma is justifiable Until the 
definite focus of origm is thoroughlj estabhshed, pulmonary adenomatosis might be re- 
garded as a distmct clinical and pathological entity 

CONCtiUSIONS 

1 A case of pulmonarj adenomatosis m man is reported 

2 Diagnostic criteria are considered 

3 Pathological classification of this neoplasm is not yet completely established 
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EDITORIAL 


Integration of Streptomycin with other Forms of Therapy for Pulmonary 

Tuberculosis 

When streptomycin became available for evtensne clinical mvestigation in 
pulmonary tuberculosis, the pnncipal problem was to determme its therapeutic 
value m vanous forms of the disease At the same time important collateral in- 
formation was sought regarding toxicity and the emergence of streptomycin- 
resistant strains of the tubercle bacillus in treated patients To these ends the 
onginal investigators limited their therapeutic efforts to the use of streptom 3 "cin 
and bed rest alone m the treatment of their earher patients It quickly became 
apparent to expenenced phthisiologists that streptomycin exerts a favorable 
influence in puhnonar}’^ tuberculous lesions having a fresh exudative component 
Many investigators, Tvorking cooperativel 5 ’', have also demonstrated a marked 
therapeutic effect m ulcerative mucosal lesions of the respiratory tract, in dis- 
seminated nodular pulmonarj'^ lesions (whether acute, subacute, or chrome), 
and in miliary tuberculosis Although toxic drug reactions v ere frequent in the 
ongmal patients studied, these became a lesser problem after reduction in the 
daily dosage 

It soon became apparent, however, that even in the carefull)’’ selected earty 
patients, relapse of disease was frequent and that streptomycin alone in addition 
to bed rest was not a definitive cure for tuberculosis in the majority of patients 
As surmised by Hinshaw and others, streptomjmin exerts onlj' a temporary’’, 
albeit powerful, suppressive effect against the tuberculous process The action 
of the drug is limited to the period of time during which the tubercle bacillus 
remains sensitive to it If this time is sufficient, the patient's inherent resistance 
mechanisms maj"^ become dominant and effect a natural remission of disease 
follovnng streptomycin treatment If predominance of drug-resistant bacilli 
occurs early, the patient usually reverts to his pretreatment status If he is still 
unable to cope vnth his disease by his own defenses, the result is further pro- 
gression of the disease unchecked by additional streptomjmin 

Because of technical problems, direct apphcation of laboratory data on strep- 
tom 3 min resistance of the tubercle bacillus to the clinical problems confronting 
the ph 3 ^sician must be made cautiously Nevertheless, considerable evidence has 
been accumulated by vanous investigators which permits one to assume that 
in vitro resistance is tantamount to in vivo resistance in the great majonty of 
patients whose organisms have developed resistance to 100 to 1,000 y of strep- 
tomycin per cc of medium This conclusion is based pnncipalb’’ upon (I) clinical 
and roentgenological relapse of patients during treatment simultaneous^’' with 
the emergence of resistant tubercle baciUi in the sputum, (^) the failure of re- 
sponse after re-treatment with streptomycin among patients vihose bacilli are 
known to be resistant as a result of a previous course of streptom 3 '^cin Once 
streptom 3 ’^cm-resistant strains of tubercle bacilli appear, they persist for months 
or years and may remain predominant indefinitely in a particular infection 
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In \anous proup^^ of p'lfiont.'*, the incidence of emerpenee to predominance of 
liiplih re'.!‘'fnnt ^trmn*' of tuhcale bacilli maj \arj fiom 30 to 75 per cent m a 
pi\on group I'lion anal\Mb of the ca'^e mateiial, this woming disciepancj' may 
bcjiartialh explained In theearh expcncnceat the Lain cl Heights Sanatorium, 
we were impR'‘-''Cd with the Inch incidence of resistant organisms emerging in 
patients with gro*^ caseation and cavit'v formation as contrasted wntli a group of 
patients with cert im t\pe‘' of acti\e, but relatnclj indolent, pulmonarj disease 
w'llliout fnnlc caseation or cn\it\ fomiation Similar relationships ha^e been 
noted In others cucli as WoodnifT, Higgins, Mitchell, and their associates Ob- 
MoiRh other factors do influence the emergence of resistant tubercle bacilli but 
at the present time it ‘^eems safe to assume, for practical purposes, that at least 
GO per cent of the patients lia\ing gross caseation or cavitation will de%elop 
liighlv resistant «trains of tubercle bacilli if treated bj' strcptom 5 cm and bed 
rest alone for a suflicicnt period of time This seems true regardless of alterations 
in the do«c regimen cniplo\ cd Certamlj the general exiienencc has been that a 
reduction of the duration of treatment to 42 day^ from 120 days has not cora- 
pleteh sohed the problem of resistance Hcsistant strains maj begin to emerge 
as earh as the thirtieth treatment daj' but are most likely to occur after six to 
eight weeks of treatment Thus, in patients likely to de\ elop resistant organisms, 
we can be certain of onh about six to eight weeks of benefit from the suppressive 
action of streptonncin 

The use of combined thcrapj , such as para-aminosalicylic acid and streptomy- 
cin, or the ad^ ent of new drugs ma}' eventually solve the question of streptomy- 
cin resistance At the present time, howexer, the phenomenon remains a major 
problem 

Secondary onh to the problem of resistant organisms in streptora 3 ’'cin treat- 
ment of pulmoiiarx' tuberculosis is the high incidence of relapse of the patient’s 
disease after treatment wath streptomycin lias been completed Among a group 
of S8 of our patients observed twehe to twentj-sex^n months after completion 
of streptomj’cm therapy, a definite roentgenological and bactenological relapse 
occurred in 62 per cent of those with frankly caseous or caxntai^’- disease when 
treated by streptomj cm and bed rest alone If gross caseation and caxntation 
(as judged by chest roentgenograms) were not present before treatment, how- 
ex’’er, a quiescent or arrested status w as achiex^ed bj’’ G7 per cent of the patients 
Ox'cr-all relapse rates among patients treated by streptomji’cm and bed rest alone 
have been reported by others to range from 30 to 60 per cent It is obxnous from 
these data that the patient with frankly caseous or cavernous disease, who has 
demonstrated poor response to bed rest alone, is unlilcely to achiex’-e sustained 
arrest of his tuberculosis by the mere addition of streptom 5 ’^cm to the rest regi- 
men 

The majonty of sanatorium patients in xvhom the use of streptomycin is most 
urgently needed have pulmonaiy disease of a mixed type of pathology Usually 
the basic lesion is of a fibro-caseous-cavemous type with an additional component 
of a more exudative reversible type of disease Occasionally the therapeutic 
problem is one of blocked or tension cavities, presumably the result of endo- 
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bronchial involvement m association with parench3>mal disease Perhaps our 
greatest therapeutic problem is the patient vith active cavitarj’- disease which is 
suitable for collapse, but should not be collapsed because of the presence of 
recentfy progressive contralateral disease These vanous tj^pes of involvement 
compnse, in a large measure, the chief problems of the phj^sician treating pul- 
monarj' tuberculosis How may streptom3'’cin be used most vasety in this large 
group of patients needing some additional aid to effect a natural remission of 
their disease? 

It IS in patients vith the above categories of disease that the temporal^’’ sup- 
pressive action of streptomycin is most limited in duration b3'' the frequent 
emergence to predominance of streptom3min-resistant strains before the patient’s 
inherent resistance mechanisms become dominant It is also in this t3q)e of dis- 
ease that post-treatment relapse is most common Thus it is incumbent upon the 
physician to evaluate carefully the potentialities of streptom 3 ’’Cin and bed rest 
alone m a given case Is he willing to sacrifice streptom3mm sensitmt3’ for a 
short duration of clinical and roentgenological improvement m a patient who is 
ill vnth a disease knovm to be of a chronic relapsing nature? Had he not better 
plan his therapeutic program on the basis of a siv to eight u eek period of sup- 
pression of disease b3’- streptom3mm and, during this period, attempt to accom- 
plish some more defimtive form of treatment? All too man3’^ patients are entering 
sanatonums who have had a prior course of streptom3’-cin, experienced temporal^’’ 
clinical or roentgenological improvement, developed streptomycin-resistant in- 
fections, relapsed, and thus have lost the golden opportunit3’- for collapse therap 3 ’’ 
once afforded them by streptom3'-cin 

In a majority of patients vnth disease of a purely dissemmated character 
without cavitation, the addition of streptomycin alone to the usual bed rest 
regimen vull often be sufficient to reverse an unfavorable trend and permit the 
patient to achieve true arrest of his disease Eesponse is usually equally satis- 
factory and relapse rate is low in patients treated promptl3’- for fresh exudative 
noncavitary lesions Moreover, the emergence to predominance of drug-resistant 
strains of tubercle bacilli aie less likely to be encountered following treatment of 
such patients 

The great majonty of patients in whom the use of streptomycin is contem- 
plated should have a careful over-all appraisal of their disease This requires 
prior consultation between the physician and the thoracic surgeon A complete 
plan of treatment should be outhned predicated upon (f ) the known suppressive 
action of streptomycin against the more responsive t3TDes of pulmonar3'^ tubercu- 
losis, and (S) the known effective collapse measures m cavitarj'' or caseous dis- 
ease 

If the patient’s disease is of a sufficiently destructive nature to warrant tho- 
racoplasty or resection, j^et his poor clinical condition or active contralateral 
disease precludes such an immediate procedure, streptom5’-cin may prove an 
invaluable agent m bringing him to major surgeiy Once the objective, tho- 
racoplasty or resection, has been decided upon all concerned should adhere 
strictly to the therapeutic plan With initial sjmiptomatic, bactenologic, and 



STKEPTOMYCIN INTEGRATED WITH OTHER THERAPY 


267 


roentgenologic improvement frequent m the majority of well selected patients 
receiving streptomycin, the physician, as well as the patient, may feel that major 
surgery may be avoided This hope may be fulfilled in a minority of patients but 
at present we cannot predict which patient will fall into this fortunate group 
All too frequently the patient relapses during treatment, has developed strep- 
tomycin-resistant tuberculosis, and is unresponsive to further therapy with 
this agent Likewise, the conservative surgeon must be convinced that once a 
favorable trend has become manifest, usually after three to four weeks of strep- 
tomycin treatment, he may perfoim the thoracoplasty or resection with a fair 
degree of safety, even though there has recently been active or progressive disease 
m the same or opposite lung Experience m this and other dimes (Levine, Klein, 
Froman) has demonstrated that such a procedure is practicable and reasonably 
safe One need not wait for a definite favorable roentgenological change in the 
relatively good lung If an initial favorable clinical response is noted and the 
minor lesion m the better lung is of the type of noncavitary disease known to 
be responsive to streptomycin, one should proceed immediately vith surgery 
while still enjoying the benefits of streptomycin 

If the initial response to streptomycin proves disappointing and major surgery 
still seems contraindicated after about six weeks of treatment, it may be well 
to attempt a minor collapse procedure such as phremc-pneumoperitoneum This 
may eventually result in sufficient stabihzation of the patient’s disease to permit 
major surgery at a later date In such a patient it would seem prudent to dis- 
continue streptomycin on the assumption that a high proportion of the remain- 
ing bacilh are drug-resistant Even if this has not occurred, however, it is advis- 
able to discontinue chemotherapy m order to save the remaining period 
of suppressive action of the drug for use at some later date 
In other patients, over-all assessment of the problem may result m a decision 
to use pneumothorax or phrenic-pneumopentoneum as a definitive treatment 
If this be the case, one should integiate the selected procedure promptly m order 
to receive maximum benefit from the combination of streptomycin and collapse 
Obviously, not all patients require streptomycin in conjunction with these pro- 
cedures but m the acutely and severely ill patient the usual “cooling off” period 
before collapse measures are instituted may be shortened by its use In our 
limited experience, however, pleural complications have not been avoided by a 
preliminary course of streptomycin before collapsing the acute lesion 
Favorable response of visible endobronchial tuberculosis suggests the use of 
streptomycin m conjunction with pneumothorax for the treatment of tension 
cavities Results to date m a limited number of patients have been disappoint- 
ing but the problem is worthy of further investigation 

In a large series of patients who were “standard risk” thoracoplasty candidates, 
the routine use of streptomycin as a prophylactic measure m the Veterans Ad- 
ministration produced but a veiy slight lowering of complications m the treated 
patients when compared with alternate controls It would seem more intelligent 
to reserve streptomycin for the treatment of complications when they occur 
In the standard resection candidate, especially inth tuberculous endobron- 
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chial disease, the use of streptomycin pnor to, and for a (qv, i\eeks fol!oi\ing, 
the operation may be beneficial in lessening immediate postoperative complica- 
tions There is no evidence as yet that such treatment v ill affect the major prob- 
lem of long term relapses 

The present tendency to give a course of streptomjcin and see what it •will 
do IS to be deplored Each patient should be carefully appraised and an over-all 
plan of treatment be outlined based upon close integration of the temporary 
suppressive action of strcptom 5 'cm with known effectne collapse procedures 
Once decided upon, the plan should be followed to its predetermined objective 
despite a temporary improi ement w ith streptom 5 ’cm alone In this manner 'we 
wall have ( 1 ) fewer patients obtaining only temporarj' improvement at the 
pnee of developing drug-resistant tuberculosis, (5) more patients obtaining 
maximum benefit from streptomycin therapj*, simultaneous control of their 
disease by collapse treatment, and a better chance for permanent arrest of their 
disease 

Until a new agent effective against streptomjmin-resistant strains of the tu- 
bercle bacillus becomes available, or until •we can delay the emergence of resistant 
strains by the simultaneous administrations of two or more drugs, we should 
use the temporary opportunity frequently presented by streptomycin to accom- 
plish during that penod all we can towrnrd a definitive cure of the patient Thus 
it seems wnse to heed the ad^vice of Horace, “Seize now and here the hour that is, 
nor trust some later day 

John B O’Connok 


'“Carpe diem, quam minimum credula postero ” Ode XI, Leuconoe 



LETTERS TO THE EDITORS 

A PYHIDINE DERH^ATIVE AND EXPERIMENTAL TUBERCULOSIS 

To Vie Editors of the American Remew of Tuberculosis 

Antibiotic action m tuberculosis reached a new height with the advent of streptomycin 
and dihydrostreptomycm, yet there are many phases of the action of these substances 
in mvo which are not cleaily defined nor imderstood today m the simple sense of a direct 
chemotherapy Their pecuhar locahzed effects in mvo on tuberculosis, their mability to 
destroy tubercle bacilh m relatively high concentrations in mtro as veil as in mvo, the 
fact that the tubercle bacilh can develop a resistance toward lugh concentrations in mtro 
and in mvo m a relatively short tune, and that the persistence of the effects in mvo are 
not dependent upon adequate concentrations of the antibiotic are mtngumg Such mfor- 
mation warrants further studies to disclose the mechanism of chemotherapy m the hope 
of overconung some of the inadequacies m treatmg tuberculosis with these agents 

Recently a highly potent in mtro static psTidme was described m the form of 2 butoxy-5 
ammo pyridme sodium formaldehyde bisulfite (ABF) which apparently lacked action 
in mvo, as deduced from inconclusive feedmg expenments (Hany W Feinstone, Proc 
Soc Exper Biol & Med , 1946, 63, 153, Duca et al , Proc Soc Exper Biol & Med , 
1948, 67, 159) The treatment was begun a week after heavy subcutaneous mfection and 
consisted of two mcompletely spaced mjections on the basis of blood analyses, and m 
amounts producmg local ulcers The lack of adequate explanatory expenments made it 
appear advisable to pursue further studies with it Accordmgly, it was found that the me- 
dium played an important part in the results with aa diammopyridme monohydrochlo- 
ride (PDM) The action of tins pyridme resembles streptomycm and dihydrostreptomycm 
which, even under standard plantmg of acid-fast saprophyte (Day) and human tubercle 
bacilli as test orgamsm, vanes m different mediums However, this vanable effect on nutn- 
ents was not so great in the case of ABF The greater stabihty of ABF m in mtro action m 
a range of different mediums was further noted m the nearly eqmvalent effects upon the 
acid-fast saprophyte (Day) and the human tubercle bacilh In relatively high concentra- 
tions, 10 mg per cc , which is about 1,000 times the retardmg concentration, contained 
m a nonprotem simple nutiient medium (Wong-Wemzirl), ABF destioys the viabihty of 
the acid-fast saproph 3 i;e Day in about three to six days at 37° C Concentrations below 
10 mg per cc (0 1 mg per cc m over four days) reqmre much longer exposure to destroy 
the viabihty of these acid-fast bacilh ABF is a more efficient tuberculocide than strep- 
tomycm On human tubercle bacilh, ABF acts about the same as on the acid-fast sapro- 
phyte, although its potency appears to be shghtly greater in that viability is destroyed 
by 1 0 mg per cc concentration withm six to ten days and 0 1 mg per cc succeeds withm 
twenty to forty days It appears also to be a more potent retardant of the growth of 
human tubercle bacilh in mtro m simple nutnent mediums than streptomycin In order 
to test the neutrahzmg effect of tissues upon ABF, vanous amounts w ere imxed with one 
gram of ground gumea pig tissues, and growth inhibition was tested agamst the acid-fast 
saprophyte Day planted in concentrations of 0 02 mg of suspension per cc The findmgs 
mdicated that ground hver and kidney tissues could neutrahze the retardmg action of 
more than 0 01 mg of ABF, whereas the retardmg action remains at about 0 001 mg for 
lung, spleen, bram, and blood Tins neutrahzmg effect was also noted for ground hver 
tissue against streptomjxm when one gram of tissue abolished the effect of 50 units (50 
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7) of strcptomj cm (Corpor, H J , and Cohn, M L , Yale J Biol & Med , 194G, 19, 1, 
Corpcr, H J , and Cohn, jM L , J A M A , 194S, 137, 357) 

Follomng tlic jntn\enoiis (or subcutaneous) injection of relatnelj Jaige amounts 
(135 mg ) of ^y3F, the retardant effect persisted for onlj a comparatn ely short penod of 
time (never exceeding six hours) After oral administration, it was not discermble 

In view of the fact that ABF showed a definite and constant in iilro retarding effect 
upon the growtli of the acid-fast saprophj te Daj and the liuman tubercle bacilli m simple 
nutrient mediums, and that its retarding efTect w as discernible also m the blood and certain 
tissues followang its injection subcutancousl} , it appeared advasable to follow these effects 
by treatment experiments m guinea pigs For this purjiose w e used the decisiv e intrav enous 
(ear vein) mfcction method of gn ing varulent tubercle bacilh in fine suspension to gmnea 
pigs (Corper, H J , and Cohn, AI L , J A M A , 1945, 127, 1043) 

The results of this treatment studj' wath ABF m mtravenousl}’^ mfected gmnea pigs 
indicate that ABF giv en m a single dail}' amount of 20 mg subcutaneouslj was without 
appreciable effect upon cither the tuberculous lesions or the fatal issue produced bj the 
intravenous injection of one milligram of varulent human tubercle bacilh In order to 
further correlate treatment with the persistence of the ABF action m the blood, the re- 
peated adrmmstration of 20 mg at two-hour intervals subcutaneouslj* was tned (total 
dailj' dose, 240 mg) Tliese mtensiv'c treatments with ABF also proved to be without 
effect on the tuberculosis and appeared to hasten the lethal issue in the animals shghtlj 
It is to be noted also from these studies that the ABF was without appreciable effect on 
spleen size m the treated animals except for the intensme treatment senes where a per- 
ceptible but not marked splenomegalj' resulted This studj* likewise revealed that the 
ABF treatment was without beneficial or detrimental effect upon the results obtamed 
vnth streptomycin used comcidentlj’- m 25,000 umt amounts daily Howev er, in spite of 
the long combmed treatment period and evident absence of marked gross tuberculosis 
in these animals, cultures of tubercle bacilh were obtamed from all the important organs 
in these animals and the strains of tubercle bacilh isolated from these animals proved 
streptomycin-resistant 

A similar treatment expenment was performed with gumea pigs usmg phenjd azo a 
a diammopyndme monohydrochlonde, PDM, as therapeutic agent giv^en both bj* sub- 
cutaneous mjection and orally m pure powder form m No 5 gelatme capsules to a total 
of 100 mg per day The presence of PDM m the blood and unne could be recognized 
easily by its color, and its presence w’as determined by the retardmg effect on the growth 
of the acid-fast saprophjrte “Daj’’ ” 

PDM is rWithout appreciable effect upon the tuberculosis resultmg from the mtra- 
venous mjection of 1 0 mg of fine suspension >of varulent human tubercle bacilh (ji400aj 
even w'hen given m amounts impartmg.a decided j^eUow color to the tissues m general 
The PDM was also Wathout effect on the lethal issue resulting from the mtravenous in- 
jection of the human tubercie-bUcilh-When giv^en m large amounts orallj’’, this effect was 
hastened 

It appears fiom the foregomg studies with PDM that, ev^en though a chemical agent is 
a good retardant to the growiih of acid-fast saprophjrtes and tubercle bacilh m a relatwe y 
poor nutnent medium and its presence is mdicated in sufficient amount for similar re- 
tardation of the growdh of tubercle bacilh, such retardation of the tubercle bacilh tn viio 
or of the disease tuberculosis does not occur This is probably because the complex co 
loidal nature of the body flmds and tissues precludes such action, which would appear 
be suggested by the facts that the gmnea pig is naturally highly susceptible to mfection 
with virulent mammalian tubercle bacilh and that the retardant effect noted for relative y 
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poor nutrient mediums is almost completely negated when the PDM is mcorporated m 
a good nutnent medium such as the egg yolk And this is m spite of the evident fact that 
the PDM appears to be present sufficiently m the free state to retard m amounts actmg 
m a poor nutnent 
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Clinical Studies, Tuberculosis 

Tuberculous Pleural Effusion — ^Tubercu- 
lous pleural effusion is rare in childhood One- 
half of the cases are seen between the ages of 
15 and 25 About 25 per cent develop pulmo- 
nary tuberculosis within five years, up to 10 
per cent succumb A total of 149 cases were 
seen by the author Tliey were dmded accord- 
ing to age as follows early school (5 to S 
years), 18 cases, late school (9 to 13 j'cars), 37 
cases, early adolescence (14 to 15 years), 36 
cases, and adults (16 years and over), 58 
cases There was a predominance of males m 
all groups, greatest in the younger and de- 
creasing with advancing age Likewise, the 
incidence of a lustorj'' of familj contacts 
decreased with advancing age Only one pa- 
tient had erj'thema nodosum The tuberculin 
test was positue in 84 of the 91 children, in 
the other 7 it w ns not done, as tuberculosis w as 
proved by other means Tiie sputum showed 
tubercle bacilli in 2 children and 3 adults 
There w as a low er percentage of gross effusions 
in children than m adults but 91 per cent of 
the youngest group showed hilar nodes as 
compared to 38 per cent of the older patients 
In the joungest group, no puhnonarj' infiltra- 
tions were seen, the mcidencc rose to 24 per 
cent 111 the adult group No calcifications were 
seen in the children’s roentgenograms Other 
tuberculous imohcinents, such as bone and 
joints nnd cer\icil and abdominal hmph 
nodes, were acrj infrequent and were cqvalh 
di\idc<l liotwccn cluldien and adults 411 the 
patients were p\cn general sanatorium care 
Dunnga follow up of four a cars or more none 
of the children in the two aounger groups, 5 ) 


per cent of the early adolescents, and 11 per 
cent of the adults developed pulmonarj'' 
tuberculosis — A study of tuberculous pleural 
effusion in children and aduUs, N Landau, 
Tubercle, February, 1949, 30 2G — (A G 
Cohen) 

Primary Complex and Bronchoscopy — 
Bronchoscopy has greatlj* elucidated the pul- 
monary mamfestations wluch follow the pn- 
mary tuberculous mfection In uncomplicated 
pnmary infections, the onfice of the bronchus 
to the lobe where the pnmarj focus is located 
usually is slightly congested and edematous, 
show ing a mucous secretion nch in polj morphs 
and macrophagocj'tcs In cases of chronic 
cpitubcrculosis, edema of the mam bronchus of 
the diseased lobe is predonnnant and the 
narrow central opening maj lie ob^tnicted by 
a plug of tightla packed macrophagocj tes 
The bronchial glands perforate and form 
fistulas much more frequenth than was 
presumed Tlicse small fistuhis may be single 
or multiple and form «imultaneouel\ or 
succcssncly Tlicir prc'rncc is suggested In 
paroxwsmal cough, a “stitch in the ‘ude,” 
temperature, nnd transient cvjicctoration of 
sputum containing tuberelc Ijacilli Many of 
tlic^c minute futulas coon ^top dvcharging 
and clore within a few month'' Some opcn'ng-' 
obliterate, other: remain i.^ible as caarc 
Glandular dr'^'emmal on imta lea^o multiple 
calc f.cationa m tlie lur-g ficM eorcf rued 
Bronchiecta>- a fonn nib'^’pcnt ‘o 

chrome c,ufuly -aihr’i, au’iv'f'ic 
hiLir glandc a''d fibm^ V 

e (' cv- a'* 
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conrs des p6nodes pnmam ct sccondatre de 
Vtnfcclion tubercuJcuse, A Dufourl d. P 
Mounier-Kuhn, Schweiz Ztschr Tubcrl , 
194s, no 2 60 — {E Dunncr) 

Endobronchial Tuberculosis — As judged 
by bronchoscopic and roentgenographic ob- 
sen^ations, endobronchial tuberculous lesions 
began in the surrounding lung tissue in the 
majonty of 20 patients Emphasis is placed on 
the fine or coarse infiltrations seen m the pul- 
monarj’’ tissue in the immediate i icmit}' of the 
hilum If a progressive pulmonai^’- lesion exists 
simultaneously mth the tuberculosis of a 
drammg bronchus, the use of pneumothorax 
appears justified but it is to be avoided if an 
endobronchial lesion exists mdependently 
— Etn Beitrag zur Kennlnis und Therapie der 
Bronchusiuberluhse, H Rechenberg t£ A 
Labharl, Schweiz Ztschr Tuberl , 1949, no 1 
29 — {E Dunner) 

Constrictive Pericarditis — ^There are 3 
forms of chrome pericardial disease asympto- 
matic, constnetive (concretio cordis), and 
accretio cordis In the asymptomatic type, the 
pericardial cavitj’’ is obhterated by fine 
adhesions The panetal and TOceral laj^ers are 
not thickened or closely adherent This type is 
seen m old myocardial infarction and m some 
umdentified diseases In constrictive peri- 
carditis the heart is normal or reduced m size 
It IS encased m a greatly thickened dense 
fibrous pencardium which is not adherent to 
the chest wall The etiology is almost alwaj’s 
tuberculosis In accretio cordis the heart is en- 
larged, it is encased by a moderately thickened 
pericardium, the two layers of which are 
adherent and are attached to the chest wall 
The etiology is almost always rheumatic 
fever This article is concerned with constric- 
tive pericarditis In previously reported cases, 
there was no evidence of rheumatic fever, 
uremia, infarction or mahgnancy Histological 
exammation gave no clue as to the etiology 
No patient gave a past history of pencarditis 
To determme the etiologj"-, the authors decided 
to trace the course of the disease which was the 
probable ongm, namely acute tuberculous 


pencarditis In its simple form, this is a fairly 
bemgn disease, often difficult to (Merentiate 
from constrictive pericarditis The pericarditis 
frequently is part of the sjndrome of polj- 
serositis uhich is a more senous condition In 
either tj'pe, it is difficult to find tubercle 
bacilh The circulator}’" effects are like those of 
constnetne pericarditis, the venous pressure 
never falls to normal nor does the hver return 
to normal size Of IS cases of acute tuberculous 
pencarditis, mcludmg 4 without and 14 with 
tuberculosis of other serous cavities, 16 de- 
veloped constnetne pericarditis The heart 
shadows became smafier with less intense 
pulsations Engorgement of neck leins and 
ascites were characteristic Seven patients 
with pol}’serositis w ere not operated upon and 
all died of widespread tuberculosis m seven 
months to fir e and one-half years In 9 cases, 
operation was performed In aU but one, active 
tuberculosis of the pericardium was en- 
countered Preoperatively, it could not be 
determmed whether or not the tuberculous 
process had healed There were 3 operative 
deaths Of the other 6 patients, 2 de\ eloped 
tuberculosis elsewhere m the body The risks of 
tuberculous spread are thought to be ex- 
aggerated The pohey is to delay operation as 
long as possible but not unduly long Of < 
patients with acute septic pericarditis m the 
termmal stage of sepsis, 5 died and 2 re- 
covered Neither of the surnnng patients 
developed constrictne pericarditis The au- 
thors doubt the existence of acute idiopathic 
pencarditis — The aetiology of constndwe 
pericarditis, with specific reference to tubercu- 
lous pericarditis, together with a note on poly- 
serositis, G W S Andrews, G IF Pickering 
ATE Sellers, Quart J Med, October, 
1949,17 291— {A G Cohen) 

Tuberculosis of Greater Trochanter-— 
Tuberculosis of the greater trochanter of 
the femur with miohement of the oier- 
Ijang bursa was found m about 0 2 per cent 
of cases of tuberculosis The authors report 
12 patients averagmg 28 5 eats of age, the 
youngest bemg 7 years old It is thought that 
trauma was a causatue factor in seieral 
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of the patients although many had tubercu- 
losis m other locations Usually the patients 
noticed a swelhng over the trochanter or 
complamed of pam over the outer aspect of 
the thigh A fluctuant swelhng usually was 
found extendmg backward over the buttock, 
a smus was sometimes present Movements 
of the thigh were unaffected but passive 
adduction often produced considerable pam 
Roentgenograms showed erosion of the periph- 
ery of the greater trochanter or an encysted 
area in the nuddle of the trochanter Drainage 
was instituted m 3 cases before the nature of 
the lesion was ascertamed None of the lesions 
healed and all were excised later Aspiration 
m 3 cases was followed by sinus formation and 
excision was performed Incision and curettage 
of the walls of the abcess were done m 5 cases 
with heahng m 4, m 2 by primary intention 
In 7 cases the bursa and the mvolved portion 
of the trochanter were excised This was done 
also in one case of tuberculous osteomyelitis 
of the trochanter In 2 of these cases there 
was heahng by first mtention, sinuses de- 
veloped m 6, but all healed withm seven 
months after the operation — Tvberculom 
of the great trochanter, B McMurray, Bnt 
M J , September 27, 1947, no 45^5 492 — 
{R W Clarke) 

Role of Pleura In Pneumonectomy — ^With 
the removal of a tuberculous lung and its 
visceral pleura, the parietal pleura left in 
situ not only loses its function and usefulness 
but becomes a source of serious postoperative 
comphcations Infection of the remammg 
pleura durmg or following pneumonectomy is 
not uncommon Accordmgly, the effect of 
total pleurectomy on the incidence of post- 
pneumonectomy comphcations, particularly 
empyema, was mvestigated A review of 77 
consecutive pneumonectomies showed that, 
followmg mtrapleural pneumonectomy m 52 
of these cases, bronchial fistula and/or 
empyema developed in 19 In addition, 8 
patients had wound difficulties, 5 developed 
a bronchogemc spread, and 9 died In con- 
trast, following extrapleural pneumonectomy 
with removal of all or nearly all of the parietal 


pleura m 25 cases, a bronchial fistula de- 
veloped in 2 and wound difficulty in one 
There was no instance of empyema or spread 
and no death occurred The extrapleural 
approach m these cases was selected for 
technical reasons, principally the presence of 
encapsulated empyema or pleural symphysis 
The general care and technique were identical 
with that for mtrapleural pneumonectomy, 
the only vanation bemg the complete or 
practically complete removal of the parietal 
pleura at the time of pneumonectomy It is 
possible that the future treatment of bron- 
chopleural fistula and empyema will consist 
primarily of extensive pleurectomy followed, if 
necessary, by bronchoplasty and thoracoplasty 
— The role of the pleura in intra and extrapleural 
pneumonectomy Follow-up of seventy-seven con- 
secutive cases, 1 G Tchertkoff &I A Selikoff, 
Quart Bull , Sea View Hasp , October, 1947, 
9 277— {K T Bird) 

Early Intrapleural Pneumonolysis — At the 
Tiuruniemi Sanatorium, Finland, durmg 1945 
and 1946 the aim was to perform all mtra- 
pleural pneumonolyses withm one month 
after the mduction of pneumothorax Some 
had to be postponed when there was an 
accumulation of cases Of 174 cases durmg 
1946, pneumonolysis was attempted m 74 
per cent before the fortieth day In 14 cases, 
the procedure was done withm two weeks 
A complete severance of adhesions was 
possible m 75 per cent of the cases when m- 
trapleural pneumonolysis was performed with- 
in one to five weeks after the mduction of 
pneumothorax, compared to 55 per cent when 
the procedure was delayed for two or more 
months Early pneumonolysis did not result 
in more comphcations but, rather, reduced the 
total incidence of febrile effusions and of 
mtrapleural bleedmg The length of the 
sanatonum stay was reduced also — Optimum 
time for intrapleural pneumonolysis, S Antiila, 
Acta tuberc Scandinav , 1947, 21 274 — 
(A T Bird) 

Tuberculin Sensitization — An attempt has 
been made to solve the ancient, controv ersial. 
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but important problem of whether tubercuhn 
tests can produce a sensitmt}’- to the sub- 
stance m nontuberculous mdinduals Eleven 
infants were found to be negatue by Mantou\ 
test to 1 100 dilution of 0 T They were then 
kept m isolation and Mantoux tests were 
repeated at about 48 hour mtervals From 
11 to 60 tests were done on each infant durmg 
periods of one to sl\ months, 2 mdmduals 
had small areas of erjdhema (on one and three 
occasions) with subsequent negative tests 
Tvelve infants were similarly tested with 
tubercuhn patch tests From 8 to 29 tests 
were done durmg periods of one to six months, 
3 mdmduals had from one to three question- 
able reactions followed by repeated negative 
tests It can be concluded that studies which 
require repeated tubercuhn tests are safe from 
the hazard of lastmg sensitivity from the 
tests — NonseTisiiizatwn to repealed tuberculin 
tests, J Schwartzman, M Schneider d. M 
E Crusius, J Pediat , December, 194S, 
33 74s — (IF H Oatway, Jr) 

Complications of BCG Vaccination — ^\^ac- 
cmation with BCG by the subcutaneous route 
IS known to be followed sometimes by the 
formation of nodules and fistulous abscesses 
which may last for several months and which 
heal m the manner of cold abscesses Little 
has been pubhshed about the comphcations 
of BCG vaccmation by Rosenthal’s mtrader- 
mal techmque In a few' patients vaccmated 
mtradermally, however, follow mg types of 
reactions have been observed (f) local 
reactions of mmor consequence at the site of 
vaccmation, (2) lymphadenopathy m the 
regional nodes of the vaccmation site, (3) 
distant Ijonphadenopathy of the mediastmal, 
mgmnal, or supraclancular nodes The local 
reactions consist of macules, papules, and 
smgle or multiple abscesses rangmg m size 
from that of a millet seed to that of a small 
marble These suppurate and heal with 
scarrmg The regional reactions consist of the 
enlargement of one or more axillars' lymph 
nodes which may reach the size of a pigeon’s 
egg and contam more than 10 cc of pus They 
generally suppurate and form fistulas which 
run a chrome course, usually of sei'eral months’ 


duration "When they heal, the scar has the 
classic scrofulous character Tliese bunph 
node enlargements appear at an}' time from 
fifteen daj's to eight months after raccmation 
and are not accompamed by any sj'stemic 
reactions The pus obtamed from the lesions 
IS like that of a cold abscess and m some cases 
may contam acid-fast bacilh In most cases, 
none can be found In 2 of the 12 cases cited 
by the authors, mediastmal, mgumal, and 
supraclavicular Ij'mph node enlargements 
occurred The mediastmal enlargement was 
easily demonstrated m the chest roentgeno- 
gram — Las compltcaaones ganghonares supu- 
radas de la vacunaetdn BCO Rosenthal, P 
Cantonnet Blanch, H Canlonnet Blanch, 
and A P4rez Scremini, Rev de luberc d 
Uruguay, June, 194S 16 S5 — (F Ptez- 
Pina) 

Tuberculosis and Sarcoidosis — ^In dis- 
cussions about the correlation between sar- 
coidosis and tuberculosis, cases ha\e been 
cited m which the sarcoid manifestations are 
said to have regressed markedly durmg the 
development of chrome tuberculosis Critical 
study of the hteiature shows that only a few 
cases of this nature have been obsen'ed and 
regression of the cutaneous sarcoid lesions 
durmg the development of tubeiculosis is not 
the rule A woman with extensive sarcoid 
lesions of the skm and osseous sj'stem was 
followed for five years No regression of the 
sarcoid lesions was obsen'ed although she had 
gradually progressne, bacillary, cavernous, 
pulmonary tuberculosis with associated tuber- 
culous spondyhtis and probable tuberculosis 
of the knee durmg this time The coexistence 
of these manifestations of typical sarcoidosis 
and tj'pical tuberculosis durmg tins long 
period suggests that these are two separate 
diseases — Progressiie BoecL’s sarcoid asso- 
ciated with protracted destructiie tuberculosis, 

R Th Bj(trnstad, Acta tuberc scandmav , 
1948,22 142 — (K T Bird) 

CuOTCAn Studies, Nontuberculous 
Diseases 

Pulmonary Eosinophiiosis — ^Pulmonary 
eosmophilosis is a clmical condition char- 
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actenzed clueflj’' by cough, paroxysms of 
dj’spnea, and election of the nhite blood 
count n ith relative and absolute eosinophiha 
Frequent sj'stemic manifestations are fever, 
loss of weight, and lassitude The hterature 
contains 6S5 cases answering this description 
winch were reported under many different 
titles Most were reported from India and 
Cejlon and a few from other countries 
All ages from one to 62 years w ere represented 
wath the highest incidence from 20 to 40 
years There was a preponderance among 
males but the occupation of the patient was 
irrelevant hlites w ere found m the sputum of 
some, there is some question as to the etio- 
logical significance of this finding There were 
no autopsies Chnically, there are 2 types 
acute and chronic The acute type begms 
abruptly with fever and cough as m 
pneumoma The signs are those of bronchitis, 
with or wathout consohdation In 25 per cent, 
the chest becomes clear m four to slx weeks 
The remamder enter the chronic phase 
The clironic type, which is more frequent, 
either begms msidiously or is a residual of the 
acute type It lasts for months or years with 
remissions or exacerbations At first there is 
a nonproductive cough and mild fever, after 
one month, scanty ex-pectoration appears 
Later there is breathlessness and, less often, 
expiratory dyspnea The fever lasts one to two 
months and the respiratory symptoms one 
year or more The sputum often contams 
eosmophils The spleen is enlarged m 50 per 
cent The total white blood count ranges from 
12 to 80 thousand with 20 to SO per cent 
eosmophils There is a high titer of cold 
agglutmms and a positive Wassermann or 
Kahn test is obtamed m some Roentgeno- 
grams show dissemmated mottled shadows 
throughout all or parts of the lungs, later 
only mcreased markmgs remam The dif- 
ferential diagnosis includes helmmthiasis, 
asthma, and LoflSer’s syndrome In asthma the 
white blood count is rarely elevated, roent- 
genograms are negative, and arsenicals give 
no rehef Loffler’s syndrome is much milder 
and shows no constitutional symptoms 
Arsenicals are specific therapy for pulmonary 
eosmophilosis, less than 2 per cent fail to 


respond The treatment consists of eight 
w’eekly injections of 0 15 to 0 30 Gm of 
neoarsphenamme The author reports 207 
cases, of w'hich 11 were acute and 186 were 
chrome, with an abrupt onset in 22 Smears 
and cultures of the sputum w^ere negative but 
mites w'ere found in 21 cases This finding 
was considered to be incidental, the balance 
of evidence favoring mfection as the etiology 
The Wassermann test was positive m 65 cases 
(32 per cent) The eosmophiha fell as treat- 
ment was given but improvement in other 
respects was more rapid The first mjection 
of the arsenical often caused an mcrease m 
eosmophils and an exacerbation of symptoms 
— Pulmonary eosmophilosis, V Wtswanathan, 
Quart J Med, October, 1948, 17 257 — 
(A G Cohen) 

Histoplasmosis — ^About 100 cases of histo- 
plasmosis have been reported, this report adds 
10 cases from the Kansas City area Five 
cases were fatal, 2 apparently have recoveied 
Seven patients were sensitive to a skm test 
with histoplasmm and 7 showed positive 
complement fixation reactions Pulmonary 
infiltrations were noted m 9 of the cases, m 
2 of W'hich the lesions were of a mihaiy type 
In 2 cases coexistent tuberculosis was demon- 
strated A third case had Hodgkm’s disease, 
proved post mortem by microscopic and 
cultural exammation to be compheated by 
histoplasmosis It is of mterest that Htslo- 
plasma capsulatum was isolated by culture 
from the gastric contents of 4 patients — 
A report of ten proved cases of histoplasmosis, 
I Bunnell, M Furcolow, Pub Health Rep , 
March 5, 1948, 63 299 — (5 Hadley) 

Honeycomb Lungs — ^A variety of cystic 
disease of the lungs is desenbed m which 
thm-walled cysts up to 1 0 cm m diameter 
are distributed uniformly throughout the 
substance of both lungs Sixteen cases were 
seen, of which 6 had systemic disease The 
outstandmg chmcal features were spontaneous 
pneumothorax, often bilateral, and right 
heart failure One case had xanthomatosis 
as did 3 of those reported m the hteratuie 
Pulmonary xanthomatosis is not rare If 
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healmg occurs, the hpoid cells are replaced 
by (Muse interstitial fibrosis and, in a few, 
cystic disease results Biliarj’' cirrhosis was 
seen in 2 cases Tuberous sclerosis was noted 
twice, about 10 cases were found in the 
hterature There were 2 cases with pituitary 
disorders The remaining 10 cases had no 
systemic disease The age at onset ranged 
from 7 to 55 years, the time from onset to 
death was one to sue years The patients were 
mostly males Spontaneous pneumothorax 
occurred m 8 cases, and was bilateral m 5 of 
them In 8 there was progressive d 3 'spnea, 
4 died of cor pulmonale withm two years 
Radiographically, there was a fine to coarse 
reticular pattern The cystic spaces were more 
conspicuous when a pneumothorax was 
present Tomograms in 4 cases demonstrated 
the honeycombmg Bronchographj' w^as done 
m 4 cases, the iodized oil did not enter the 
cysts Histologically, there was mterstitial 
fibrosis with no eindence as to cause The 
cystic changes ^er 3 ' likely are secondary to 
mechamcal factors m acqmred disease The 
underlying disease is probably mflammatorj^ 
though this IS not proved — Honeycomb 
lungs, N Oswald dL T Parkinson, Quart, 
J Med , January, 1949, 18 1 — (A G 

Cohen) 

Pulmonary Embolism — Pulmonary em- 
bolism, but not thrombosis, rarely occurs m 
children, 29 cases have been reported as 
occurrmg at ages less than fifteen years The 
case of a boy who died suddenlj'- at the age of 
nine j’ears is reported He had recovered from 
two episodes of pulmonary illness durmg the 
previous seien and one-half months dunng 
which time he had also had transient sjmip- 
toms in the abdomen, one inguinal area, and 
both legs Autopsj' showed a massive new 
pulmonaxy embolism, signs of an older minor 
embolus and inhrct, and partial^ orgamzed 
thrombi m the inferior \ ena cava and common 
ihac veins The rantj of peripheral throm- 
bophlebitis in children is emphasized — 
Pulmonary embolism in childhood, 6 F 
Slctenson &. F L Slcicnson, J Pediat , 
January, 19 'i9, 34 62 — (TT H Oaticay, Jr) 


Sarcoidosis — The authors have used calcif- 
erol and dihydrotachj’sterol 50,000 to 300,000 
umts daily Patients with sarcoidosis do not 
tolerate calciferol as well as patients w ith lupus 
vmlgaris, and the more extensive the disease, 
the more severe are reactions Early toxic 
symptoms consist of anorexia, nausea and 
vomitmg, malaise, weakness, and dizzmess 
Dihydrotachysterol has been used m a dosage 
of 3 75 mg daily for three das’S to be followed 
by 1 25 or 0 625 mg dady for sev'eral months 
Dihydrotachj'sterol is tolerated much better 
than calciferol, but eventuallj’’ may giv'e nse 
to the same symptoms — Sarcoidosis III 
A review, A C Curtis &, R H Grekin, 
M Chn North America, January, 1949, 
S1~{B Hyde) 

Pnmary Pneumonifas — five months old 
baby became ill with sneezmg, cough, and 
fretfulness as the mam symptoms Both 
parents had a mild upper respiratorj^ in- 
fection several days pnor to the onset of the 
baby’s illness The baby recov'ered after bemg 
febrile for several daj’s Pharymgeal smears 
from the patient and from both parents 
showed characteristic cytoplasmic mclusion 
bodies Subsequent smears made from the 
patient and from the father showed a de- 
creasmg mcidence of cells with mclusions 
durmg a period of ten days — Pnmary pneu- 
monitis in infancy, J M Adams, J A 
M A, December IS, 194S, 138 1149 — 
{H Abelcs) 

Dual Fungous Infection — ^The case of an 
eight 3 ear old bo 3 ’' who had a fata! mfection 
vnth two fungi is presented The child had 
pneumonia twice before the age of two 3 ’ears, 
a nngworm-like skm mvolvement of four 
years’ duration from which Candida albicans 
was cultured after an axacerbation, and 4 
pneumomc attacks m the fourteen months 
pnor to hospitalization Roentgenograms 
then showed soft nodular densities extending 
out from the hilar regions, much larger on the 
right Tlie sputum was positive for the same 
fungus Sbn test by an autogenous antigen 
was imldl 3 positive, desensitization attempts 
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were followed b\ n rliniml cvnccrhition The 
unne cul(»ire wi"? poMtuo ^^cnmgltls super- 
vened nnd both Candida allncan’t niid Cri/p- 
toaxcus ritoformani were found in the spiml 
fluid nnd unne for IS hours before devth 
Xecropsv showed n genenhred disseniiintion 
of the infection w ith cultures of \ 'irious tissues 
irrecuhrK iiositne for the two orpsnisms — 
Candida albicani and Cruptococrui nrofomuiu^ 
CKcurnntj xnjtdw aacntt in an cighl-ycar- 
o’d Ihii, C Spicer, Tf 0 Uxail, li J F 
Kc^chJ Pidw! , Diccinhcr, 10',S, 33 761 — 
(ir H OaHvap, Jr) 

Hlstopathology of Bronchiectasis — Fiftj 
human luncs tint hid licen resected at the 
Msvo Clinic Ixicause of bronchieclnsis were 
cnrefullv sectioned, evnmuicd microscopicalH , 
and compared with sections of ti«ues from 
animals suffenug from J igriektc and chronic 
progressive pneumonia In bronchiocta=is the 
pulmonarv alveoli commonlv had a vasible 
continuous lining of cells Tliesc cells were 
denv cd from bronchial cpitheh il colls or from 
the pcncapillarv cells of the alveolar wall 
The latter ongin was far more frequently 
encountered than was the former Tlie ap- 
pearance of the cells of alv colar origin differed 
markedlj from that of the cells of the bronchial 
ongin In addition, cells of alv colar origui w ere 
frcqucntlj phagoev tic after thej liad assumed 
a tjqiical epithelium-likc structure and 
arrangement Although no conclusions were 
dravvn regarding the entodcrmal or mesen- 
chjTnal nature of the hnmg cells of the alvcoh 
ongin, it was conjectured tliat their parent 
cells also gave nse to the alveolar phagocj tes 
Pulmonary aheoh hmngs in bronchicclasis, 
C F TFaWs &, J R McDonald, Arch Path , 
June, 19 'iS, 45 742 — (£ Bogen) 

Pulmonary Emphysema — Pulmonary em- 
physema is difficult to diagnose by physical 
and roentgenologic examination With the 
appearance of dyspnea and fatigue m chrome 
pulmonary or cardiac disease, a diagnosis of 
emphysema is frequently improperly made 
Inasmuch as pulmonary emphysema is a 
functional disease due to interference wuth the 


interchange of oxj'gen and carbon dioxide 
lictwccn the alveolar air and the blood, a 
diffusion test designed to measure the ef- 
ficiency of this interchange can coiifiim or 
rule out emphj semn of the lung Without this 
diffusion test it is most difficult to state 
whether or not emphysema of the lung is 
present even when severe dyspnea exnsts. 
Dyspnea most frequently is caused by marked 
reduction m pulmonary ventilatory function. 
Sevcnl documented case records arc reported 
to demonstrate that marked reduction in 
pulmonary’ ventilation can exist and em- 
phytema of the lung not be present Over- 
disteiition of a lung can exist for a long time 
without the development of pulmonary 
eniiihysema A lung may liy’iiertrophy and 
remain so for many years without loss of 
ventilation or diffusion functions An hyqier- 
trophied lung may increase its ventilatory 
function through having been hy’pertrophied 
and overdistended for many years Tlie 
presence of cmpliy’sematous blebs or bullae 
in the lungs does not necessarily imply that 
the lungs arc cmiihysematous unless there is 
functional impairment of pulmonary dif- 
fusion of oxygen and carbon dioxide (Author’s 
Summary) — A new approach to the under- 
standing of pulmonary emphysema A method 
of determining emphysema of the lungs, G 
G Omstcin, Quart Bull , Sea View Hasp , 
Apnl,19>t7,9 S9—{K T Bird) 

Bullous Emphysema with Infection — Ap- 
parent cavatation was demonstrable on chest 
roentgenograms in 12 of 20 cases of piimary 
atyTiical pneumonia seen durmg 1947 Two 
patients developed foul sputum for a short 
period and m 2 an atypical pulmonary ab- 
scess occurred In 2 other cases the diagnosis 
of lung abscess was based on roentgenologic 
evidence of rarefaction, although the patients 
had no fever and no sputum In all cases there 
w’as only a mild reaction about the cavnties 
It seemed imhlcely that these were mstances 
of ordmary lung abscess with dissolution and 
excavation of parenchymal tissue However, 
an mcomplete blocLmg of the bronchial 
branches by exudate or inflammatory changes 
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during primary atypical pneumonia may give 
rise to emphysematous bullae which resemble 
rarefaction in the chest roentgenogram 
Superimposed anaerobic mfection of these 
bullae may occur with the development of the 
chmcal picture of putrid lung abscess — 
Development of putrid pulmonary abscess in 
emphysema-bladders in primary atypic pneu- 
monia, M Ch Ehrstrom, Acta nied Scan- 
dinau, ms, 129 o7S—(K T Bird) 

Acute Lung Abscess — ^The treatment of 
acute abscess of the lung by postural drainage, 
transthoracic mjection of sulfonaimdes and 
pemciUm, bronchoscopic aspiration, endo- 
bronchial catheterization, and nebuhzation 
offers a maMmum of 30 per cent cures with a 
high mortahty from residual bronchiectasis 
and fibrosis The tendencj'- of the process to 
spread and its marked to-acity demand early 
surgical external dramage Four cases of 
acute lung abscess have been treated by 
external mmimal dramage, mtracavitary as- 
piration, and pemciUm This uas given by 
concomitant instillation mto the caint}’’ and 
by intramuscular mjection The teclmique 
emploj'ed u as (1) aspiration of pus from the 
abscess under fluoroscopic control, (2) hpiodol 
mjection mto the canty to outhne its infenor 
hmits, (5) roentgenography, (-^) dramage 
under local anesthesia usmg a 0 5 cm m- 
cision and introducmg the trocar of a Corj'Uos 
thoracoscope through a thm layer of rela- 
tively avascular pulmonary tissue, (5) passage 
through the trocar of a flexible catheter which 
was secured to the chest wall, (6) continuous 
aspiration for 48 hours and then mter- 
mittent suction, altematmg with mjections 
through the catheter of 100,000 umts of 
penicilhn everj' 24 hours for five to ten days 
Intramuscular pemcilhn, sulfonamides, liver, 
and vitamm C were also admmistered 
Roentgenograms were taken eveiy 48 hours 
The aspirations were discontmued if they 
produced a hemorrhagic discharge or if the 
secretions disappeared with the loss of a 
fluid level and reduction m the size of the 
canty — Tratamiento del absceso agudo del 
pulmdn par drenaje exlemo a minima, con 


aspiraabn endocavUaria, J M Casal, Rev 
dc tvberc, d Uruguay, March, 194S, 16 
24 — (F P6rez-Pina) 

Putrid Lung Abscess — ^At the Harlem 
Hospital m Nen York City, spontaneous 
recoverj' from acute putnd abscess of the lung 
has been noted only m 11 per cent of 70 
patients Tnenty-one patients with the acute 
disease have been treated with pemcilhn and 
sulfadiazme Sulfadiazme alone has been found 
to be meffectue but it was hoped that it 
would act s}mergistically with pemcdlm, 
particularly agamst the perifocal pneumomtis 
The sodium salt of pemcilhn was administered 
mtramuscularly m doses of 40,000 umts every 
three hours The dose was mcreased if a 
prompt response was not obtamed and 
several patients required 100,000 umts every 
tliree hours SuKadiazme was gii^en orally m 
the usual doses Therapy was contmued until 
all chmcal and roentgenologic endence of 
disease had disappeared Nmeteen of the 21 
patients recovered completely One patient 
died of a bram abscess although the pulmonary 
disease was cured, one patient left the hospital 
before treatment was completed The average 
curation of treatment reqmred to produce a 
remission of distressmg s}Tnptoms and fei'er 
uas six days (range from 2 to 35 daj’s) 
An axerage of 42 das^s (range from IS to 78 
days) of treatment elapsed before the ro- 
entgenograms appeared normal There were 
two recurrences, one m a sex ere epileptic and 
one m a severely alcohohc patient The 
therapy was equally effectixe for small or 
large caxnties and the authors behex’-e that the 
size of the caxuty is pnmarilj’^ detennmed by 
the degree of local obstructree emphj’sema 
rather than tissue necrosis This type of 
treatment does not cure chrome putrid lung 
abscesses but m 8 of 10 patients the disease 
was improx'-ed and they were considered better 
candidates for surgical therapy In vien of the 
results obtamed with drug therapy, the 
practice of early surgical dramage of acute 
putnd lung abscess must be rex'ised — The 
treatment of acute putnd lung abscess with 
pemcilhn and sulfadiazme, B P Sitielman 
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aud J .Inn ln( Med, Ffhruary, 

J9i^, 30 S'S—ill H Vnvfr) 

Endothcllomn of the PIcurn — Tlic clnuuil 
fciturc.*: md the difTcrentnl dnpnose^ of 10 
CA-sc*- of ondothchonn of the plcurv ire 
dI^c^‘^?cd The n\cni:e nc;o ^\as 50 jear^, nnd 
death usndh occurred t\ithin four to 
month;- Tlic most important chmcul sifpi is 
the rapid dcaelopnient of a hemorrhagic 
exudate which ^hows n marked tendenej to 
refonn after drainage The fctriin on the 
pulnionarj circulation alwajs eauses nght 
xcntncular Inpertrophj wath dilatation and 
corresponding clectrocardiograjihic changes 
Pronounced dj'«pnca dc\ clops, a sccondarj 
hjiiochromic anemia occurs rcgularlj , and the 
sedimentation rate is increased The Wcltmann 
reaction shows a shift to the left (Author’s 
Suramnn*) — Zur Kliml dcr eogenannten Plctt- 
racndothchomc (}fc^9iclwmc), K Katscr, 
Sdnra: Ztsdir Tuhcrl , 19'iS, no 4 dS9 — 
(A Dunner) 

Pulmonary Adenomatosis — Pulmonary 

adenomatosis represents about 5 per cent of 
all lung tumors, occurring m women more 
frequcntl} than m men (ratio 3 2) Tlic 
human dise-ise resembles monihologicallj' the 
pulmonarj' adenomatosis of sheep (Jagsicktc) 
which is thought to be caused bj a filterable 
a inis Efforts to isolate a virus from the human 
cases have not been successful, the evidence 
seems to indicate that this disease is a specific 
response to certain nonspecific irntants 
This response is hiTicrplastic and eventually 
causes death b> cxtcnsiv e involv ement of the 
lung parenchyma or by the development of 
truly mahgnant properties Grossly pul- 
monary adenomatosis usually resembles the 
stage of gray hepatization in pneumonia 
Nodular, consolidated areas, somewhat like 
noncaseating nuhaiy tuberculosis, have been 
described also A pnmary bronchial focus has 
never been demonstrated Nonciliated cu- 
boidal or columnar cells hne the alveolar 
walls which are otherwise unaffected The 
cytoplasm of these cells is eosmopliihc, 
granular, or somewhat foamy Broncho- 


pneumonia often obscures the condition. 
Although microscopically identical with so- 
called ‘‘alveolar cell earcinoma,” pulmonary 
adenomatosis differs from carcinoma m that 
it usuallv does not metastasize Two cases of 
extension have been reported, however, and 
metastasis has occurred in Jagsiekte of 
sheep It IS likely that adenomatosis of the 
lungs IS a relatively benign vanant of the 
“alveolar cell carcinoma” and is capable of 
developing all the charactcnstics of mahg- 
nanej Tlierc arc no distinguishing clinical 
features of pulmonaiy adenomatosis Each of 
the authors’ 3 cases presented unusual 
findings Tlic findings in one case suggest a 
bronchogenic origin for the disease In another 
case there was mahgnant proliferation of the 
cells of the adenomatous jirocess The nature 
of the cuboidal epithelium hning the air sacs 
and the loss of normal pulmonarj architecture 
arc unusual variations of the disease m the 
third case — Pulmonary adcnomalosis A re- 
port of three cases, G IF DrymalsJn, J R 
Thompson, A 11 C Suxany, Am J Path , 
Septanber, 1948, 24 lOSS — (J S Woolley) 

Cjtologicnl Examination of Sputum — 
Sputum specimens of 1,600 patients were 
exanuned cjdologically for cancer cells by the 
method of Dudgeon and Wriglej Positive 
results were obtained in 150 cases Normal 
and abnormal cells are desenbed in detail 
Statistically, exammation of the bronchial 
secretions was no better than that of the 
sputum, however, exammation of one sup- 
plemented the other Of the 150 cases with 
positive findmgs, a final diagnosis of cancer 
was made m 145 In 3, the suspected condition 
was found to be noncancerous In the other 
2, the diagnosis of cancer was suspected but 
not proved Bronchoscopy was performed for 
114 of these cases Positive biopsies were ob- 
tamed m 66, negative biopsies m 31, and no 
gross abnormahties were seen in 17 In the 
other 32 proved cases of cancer, bronchoscopy 
was not done, the diagnosis having been 
proved m other w^ays Surgery w^as done m 
58 cases mcludmg 31 with a positive and 25 
with a negative bronchus biopsy The con- 
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dition ■nas operable m 24, including 15 with 
positive and 9 with negative biopsies — 
Caranoma cells in sputum and bronchial 
secretions, L B Woolner &, J R McDonald, 
Surg , Gynec <£ Obst, March, 1949, 88 
27S — {A G Cohen) 

AimMicROBiAii Therapy 

Para-aminosallcyhc Acid — Para-ammo- 
sahcyhc acid (PAS) was discovered in the 
course of investigations of the metabolism and 
growth of tubercle bacilh In 1940 and 1941, 
Bernheim showed that salicyhc and benzoic 
acid increase the oxygen utilization and carbon 
dioxide formation of tubercle bacilli Sahcylic 
acid exerts this action only on pathogemc 
tubercle bacilh and is thought to act as a co- 
factor m the oxidative process Lehman ob- 
tamed identical results and noticed that 
sahcylic acid exerts a powerful bacteriostatic 
action on tubercle bacilh m synthetic media 
In an attempt to find a compound that com- 
petes with sahcylic acid in the oxidative 
processes of tubercle bacilh, he mvestigated 
60 derivatives of sahcyhc and benzoic acid 
Para-ammosahcyhc acid showed tuberculo- 
static activity which is equalled by few com- 
pounds and approaches the actmty of 
streptomycin, mhibitmg virulent human 
tubercle bacilli m a concentration of 1 2,000,- 
000 The effectiveness of PAS m the treatment 
of expeiimental tuberculosis was quickly’- 
proved and it was found that the drug had a 
low toxicity Chmcal mvestigations established 
the dosage as 10 to 15 Gm daily m dmded 
doses gixen over a period of months, one week 
of treatment altematmg with one w-eek wuth- 
out treatment More than 100 patients wuth 
pulmonary tuberculosis w’ere treated, 60 to 
70 per cent showed good result mitially 
Results also are prormsmg m renal tuberculosis 
and m the topical treatment of abscesses and 
empy^ema cavities with a 10 per cent solution 
of PAS or its sodium salt The drug has not 
fulfilled its promise, however, in the treatment 
of nnharj' tuberculosis and tuberculous 
meningitis, perhaps because insufficient doses 
have been used — P-Aminosaltcylsaiire in der 
Chemoiherapie der Tuberlulose, L Ragaz, 


Schweiz med Wchnschr , April 10, 194S, 
78 SS2—{H Marcus) 

PAS for Tuberculosis — A total of 30 cases 
of tuberculosis were treated with para-ammo- 
salicylic acid (PAS) The drug was admm- 
istered orally for four days followed by a three 
day pause The treatment was contmued over 
a period of several months, the daily dose 
averagmg 12 to 15 Gm Defimte beneficial 
effects on temperature elevation, amount of 
sputum, number of tubercle bacilli, and 
sedimentation rate were observed especially 
m the exudative forms In 5 cases of tuber- 
culous empyema comphcatmg mtra- or 
extrapleural pneumothorax, PAS was used 
locally After several weeks of treatment, 
growth of tubercle bacilli on culture was 
inhibited m each case— Die Behandlung der 
Tuberkulose mit Para Ammo Salicylsaure, 
H Sieinlm, Schweiz Ztschr Tuberh , 194S, 
no 6 S91 — (E Dunner) 

Para-ammosalicyllc Acid for Tuber- 
culosis — ^Para-ammosahcyhc Acid (PAS) and 
sodium PAS are faemg used e-rtensively m 
Switzerland for chrome pulmonary tuber- 
culosis with cavities and for tuberculosis of 
the bronchi, larynx, cenucal nodes, urmary 
tract, and middle ear It also is used m- 
trapleurally for empyema The drug is m- 
troduced directly mto the caxuty m daily 
doses of 2 cc of a 20 per cent solution This is 
supplemented by 10 to 20 Gm daily given 
orally m divided doses For bronchial lesions, 

2 cc of 20 per cent solution are admmistered 
as aerosol, supplemented by 10 Gm daily by 
mouth For otitis media, 2 to 3 drops of 20 
per cent solution are used In renal disease, 
10 to 20 Gm are given orally each day The 
drug IS available m omtment and cream for use 
m external smuses and ulcers Sometimes 
sodium PAS is given mtravenously PAB also 
IS used m conjunction with streptomycm — 
PAS in Switzerland, 31 Seiler, Tubercle, 
February, 1949, 30 4o — (A G Cohen) 

Lupus Vulgaris — ^The treatment of cuta- 
neous tuberculosis with calciferol frequently 
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leaves the patient with residual activity m the 
lesions Five patients with lupus vulgaris were 
treated with calciferol until it ceased to be 
of benefit after a period of fi've months to a 
year They were then treated with strepto- 
mycm in combination with calciferol The 
lesions became mactive within six to nine 
weeks, suggestmg a synergistic action of the 
2 drugs Two other patients were treated with 
streptomycm and calciferol for seven and 
eight w eeks, respectively They received 1 0 
Gm of streptomycm and 100,000 units of 
calciferol daily Both patients showed rapid 
and uneventful heahng of the lesions — 
Combined calciferol and sirepiomycin in lupus 
vulgaris, T Combleet, J A M A , December 
IS, 194S, 138 1150— {H Abeles) 

Streptomycin Frugality — ^Experience with 
pemcillm and a consideration of Corper’s 
conclusions from the use of streptomycm m 
animals have resulted m a program for treat- 
mg certain types of tuberculosis m children 
Smaller doses and less frequent injections than 
have ordmarily been prescribed are used 
Treatment is given without mterruption until 
the lesions are stable, the doses being reduced 
and the mtervals mcreased as treatment 
progresses It has been found that a solution 
contaimng 166 mg per cc can be used with 
comfort A series of cases is reported m which 
such a routine was used All of 13 cases were 
acute and febrile before treatment, 3 had 
miliary disease, 6 had lulus gland lesions, and 
4 had primary childhood type of tuberculosis 
The mihary cases w ere treated for two to four 
months and the others from four to six weeks 
At the start 20 mg per Kg of body weight per 
day were given at inten^als of four hours, 
the dose w'as decreased to 5 mg per Kg per 
day and the interval lengthened to twelve 
hours or even 48 to 72 hours m some cases 
by the end of the second week All cases 
healed A case is reported m detail to demon- 
strate the repeatedly unfavorable effects of 
discontmuous admmistration — Slreplomyan 
in tuberculosis of children Treatment vnth 
less frequent injections and more concentrated 
solutions, D Hirsckl, H Levy <L A M 


Litvak, Arch Pedial , December, 194S 65 
640 — (TF H Oatway, Jr) 

Antihistaminic Drugs with Streptomycin — 
Nausea and vonutmg occur m some patients 
undergomg prolonged treatment wnth strepto- 
mycm and might be due to the same cause as 
the urticana sometimes seen In 4 patients 
severe toxic symptoms were abolished or 
considerably reduced when benadryl was 
given and returned when the medication was 
withheld This response might have been due 
to the sedative effect of benadryl but, w'hen 
30 mg of phenobarbital was substituted, the 
nausea returned The resumption of benadryl 
was followed by immediate rehef In 3 of 
the 4 cases, the nausea and vonutmg w'ere so 
severe that streptomycm therapy w'ould have 
been discontmued but for the beneficial 
effect of benadryl in rehevmg the symptoms — 
Antihistamine drugs in treatment of nausea 
and vomiting due to streptomycin, J R Bignall 
d, J Crofton, Bnt M J , January 1, 1949, 
no 4591 IS—iR W Clarke) 

Vitamin B Deficiency with Streptomycin — 
Three patients who were receivmg strepto- 
mycm for tuberculosis developed angular 
stomatitis and glossitis These were reheved 
by the admmistration of niacm and ribro- 
flavm Neither 15 other patients currently on 
the ward nor 154 patients treated during the 
year showed similar findmgs Evidence is 
presented to show that streptomycm exerts a 
bacteriostatic effect on mtestmal organisms 
which may be concerned m the assimilation 
of these vitamms — A clinical report of three 
cases of mtamin B deficiency occurring during 
sirepiomycin therapy, J Sumner, Tubercle, 
March, 1949, 30 6S—iA G Cohen) 

Streptomycin for Pertussis — ^Because 
strams of H pertussis were found to be 
sensitive to streptomycm in intro, it was 
thought desirable to ascertam the efficacy of 
the drug m the treatment of whoopmg cough 
A total of 11 children w’ere treated In 3 cases, 
two daily treatments were given consisting 
of mhalation of 50,000 umts of nebulized 
streptomj^cm by means of a special helmet 
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In 3 cases, the treatments were given four 
times a day In 3 cases, 200,000 units were 
given intramuscularly four times a day 
In one case, both intramuscular and inhalation 
treatments u ere given Streptomycin rvas not 
recovered from the blood or urme of any 
patient who received the drug by inhalation 
alone The clinical course of the disease was 
not modiSed m any treated case — Strepto- 
mycin tn whooping cough, H SchioabacJier, 
R H Wihnson d. C W C Karran, Lancet, 
January 29, 1949, 2 ISO — (^1 G Cohen) 

Streptomycin for Pneumonia — ^Respiratory 
infections ma}’’ be caused by Hemophilus 
influenzae and m infants there are no tj’pical 
chnical characteristics of the disease Mortahtj’’ 
m infants has ranged from 7 to 40 per cent, 
depending on what part of the rcspiratoiy 
tract IS mvolved, despite the use of sulfon- 
anudes and antiserum Tliree cases with a 
laryngotracheitis due to H influenzae were 
treated unth streptomycm, all improved 
abruptly withm tuelve hours Four cases of 
larjTigotracheobroncliitis due to the organism 
were treated with streptomycm, they un- 
proved withm twelve hours and all recovered 
No streptomyem-resistant strains were found 
It IS suggested that the drug be given to all 
young mfants with laryngotracheobronchitis 
and contmued until a nonsusceptible organism 
has been demonstrated — Streptomycin in the 
treatment of Hemophilus influenzae laryngo- 
tracheobronchitis, C 0 Terrell Jr d. C S 
Hoar, J Pediat, February 1949, 34 139 — 
(IF H Oalway, Jr ) 

Empyema — ^The extensive use of pemcillm 
m infections of the respiratory tract has 
reduced the frequency of pleural abscesses to 
0 08 per cent or less m most senes of cases 
If pleural fluid appears, local treatment should 
be withheld imtil an attempt has been made 
to identify the infecting organisms Pem- 
ciUmase should be used m the laboratory to 
counteract the inhibitory effect of pemcillm 
on the organisms if the agent already has been 
given Streptomycm should not be employed 
unless there are absolute mdications based on 
bactenologic evidence The early, vigorous, 
parenteral, and intrapleural use of pemcilhn 


as soon as infected fluid appears m the pleura 
u ill abort the fonnation of a frank abscess m 
many cases If frank, tluck pus forms, how- 
ever, surgical drainage or decortication with 
dramage should be employed — Empyema, 
B Blades, J A M A , Noiember 27, 1948, 

138 94 s --(H Abeles) 

Aureomycin for Atypical Pneumonia — 
Thirteen patients mth pnmaiy, atypical, 
nonbactenal pneumoma uere treated with 
aureomycm Detailed data of the chnical, 
laboratorj'-, and serologic findings are given 
Six patients had high titers of cold hemag- 
glutmms and 9 patients bad positive Strep- 
tococcus MG agglutmation reactions Treat- 
ment with aureomj cm uas begun on the 
second to twenty-first day of illness The usual 
schedule of drug admmistration consisted of 
a “pnmmg” dose of 100 to 250 mg every hour 
for 3 doses, followed bj' the same dosage 
every two hours until the patient became 
afebnle Thereafter, the drug was given 
every four to si-x hours for two to five days 
(15 to 20 mg per Kg of body weight) Nine 
patients were afebnle withm 24 hours after the 
institution of aureomj’-cm therap 3 ’', 3 withm 
24 to 48 hours, while one patient did not be- 
come afebnle until 72 hours after treatment 
Subjective chmeal improvement comcided 
with Ij'sis of the fei er There were no serious 
toxic manifestations although se\eral patients 
complamed of mild drowsmess — Treatment 
of primary atypical nonbactenal pneumonia 
until aureomycin, E B Schoenbach d, M S 
Bryer, J A M A , January 29, 1949, 

139 275 — (AT Abeles) 

Labohatobt Studies 

pleural Fluid Sugar— -The sugar content 
of the pleural fluid was determmed m a senes 
of 33 cases, the venous blood sugar bemg de- 
termmed at the same time The results suggest 
that a low concentration of sugar m the pleural 
fluid may be diagnostic of tuberculosis Each 
of the 10 cases of tuberculosis had a sugar 
concentration below 39 S mg per 100 cc , the 
ai^erage bemg 15 7 mg It is felt that the 
finding of SO mg per 100 cc or less should be 
diagnostic of tuberculosis while a concentra- 
tion above 60 mg per 100 cc should ehmmate 
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tuberculosis as the cause of the effusion — 
Relahonslnp of the pleiiral fluid sugar to 
pulmonary iuherculosis, S M Gelenger d, 
R F Wiggers, Dis of Chest, March, 1949, 
15 S25 — (J5 A Rouff) 

White Mouse in Tuberculosis — ^The white 
mouse IS extremely useful m expenmental 
tuberculosis FoUowmg mtravenous mjection 
of a standardized moculum of tubercle bacilh, 
the seventy of the mfection can be measured 
by the length of the survival tune and the 
extent of macroscopic dissenunation With 
this method doses of 0 06 to 1 0 mg of virulent 
tubercle baciUi yield easily reproducible re- 
sults m full-grown mice They die within three 
weeks Both sexes appear equally susceptible 
but the mfection has a more irregular and 
prolonged course m immature rmce The size 
of the animal, the simphcity of the intravenous 
technique of mfection, and the small amounts 
of drugs that are required for therapeutic 
evaluation facihtate extensive experimental 
investigations The only obvious disadvantage 
is the marked susceptibihty of the white mouse 
to mtercurrent mfections, particularly those 
wnth the Salmonella group of bacilh — The 
white mouse in expenmental tuberculosis, B 
Swedberg, Acta tuberc Scandinav , 1948, 
22 S60—{K T Bird) 

Bacillary Wax and Delayed Hypersensi- 
tivity — Studies of delayed hypersensitivity 
to tuberculm have demonstrated that (f) 
the isolated protem antigen of the tubercle 
bacillus cannot mduce tuberculm hyper- 
sensitivity but the entire orgamsm can, 
{2) the “wax” of the bacillus when admims- 
tered with protem causes a delayed response 
Picryl chloride alone mduces delayed hyper- 
sensitivity only when admmistered through 
the skin but, if tubercle bacilh are mjected 
with picryl chlonde by another route, delayed 
hypersensitivity to the chemical ensues 
Picryl chloride is a simple hapten which com- 
bmes spontaneously with protein to form a 
complete antigen m the tissues The “wax” 
of the tubercle bacillus may determme the 
delayed response to picryl chloride as it 
determmes the similar response to tuber- 
culoprotem To test this thesis, groups of 


gumea pigs were treated with picryl chlonde 
by applymg it to the skm or by mjectmg it 
mtracutaneously, subcutaneously, and m- 
traperitoneally The chemical was mjected 
mtraperitoneally with a water m oil emulsion 
or with the “wax” from tubercle bacilli 
All animals later received both contact and 
intracutaneous skm tests with weak solutions 
of picryl chloride A few animals, especially 
those sensitized by placmg the cheimcal on or 
mto the skm, later reacted moderately to the 
contact and mtradermal tests Thirteen of 
the 15 animals which received picryl chlonde 
with “wax” developed marked delayed hy- 
persensitivity to both tests after only one 
treatment This sensitivity was not mcreased 
by repeated mjections and it persisted for 164 
days The high degree of hypersensitivity 
appears to depend upon a specific property of 
the “wax”, a simple adjuvant activity is un- 
likely because the water m oil emulsion did 
not cause the same responsiveness to the 
antigen Further tests showed that the reaction 
bore no relationship either to the occurrence 
of a humoral antibody or to an immediate 
hypersensitivity of the anaphylactic or Arthus 
type Passive transfer of the hypersensitivity 
was impossible The so-called “heteroallergic” 
phenomena m tuberculosis may appear be- 
cause the bacillary “wax” causes tissues to 
respond with tubercuhn-type reactions to 
vanous antigemc substances The moderate, 
delayed response to picryl chlonde mtroduced 
along by way of the skm, may be due to a 
tissue hpid with properties similar to those of 
the bacillary “wax ” — The role of the “wax 
of the tubercle bacillus in establishing delayed 
hypersensitivity I Hypersensitivity to a 
simple chemical substance, picryl chlonde, S 
Raffel &, J E Forney, J Exper Med , 
October 1, 1948, 88 485 — {J S Woolley) 

Virulence Variations of BCG — ^Four strams 
of BCG which had been cultivated differently 
for many years were studied under stand- 
ardized conditions It was found that the 
virulence of these strams was rather uniform 
regardless of whether they had been cultivated 
exclusively on bile-potato medium, on bile- 
potato medium and glycerme-potato medium 
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altemntclj, or cxdu'^nclj on Snuton’s me- 
dium For fiome BCG strains at least, it is 
apparently immaterial whether thc> arc 
maintained on a medium containing bile 
Some of the aariation m tlie action of BCG 
maj be due to differences in the technique of 
preparing the \accinc rather than to changes 
in Mrulence The rate of growth of a culture 
and the stage of growth at which it is collected 
are significant factors m this respect Be- 
cause a standardized technique is «o im- 
portant, an international BCG standard 
would be helpful Prelinunarj studies of 
BCG \accine with a frccze-drjang technique 
gne promise of a basis for the latter — 
Variations in (he Virulence of BCG, J 
B^c, Acta lubcTC Scandinav , 22 

125— {K T Bird) 

Rapid Streptomycin Sensitivity Test — 
The usual methods of determining the strep- 
tomjem sensitivity of tubercle bacilh make 
results a\ailablc to the clinician only after 
SIX to eight weeks A more rapid technique 
has been elaborated m the Institute of 
Hygiene, Lausanne, Switzerland A part of 
each specimen is mrved with an equal amount 
of a streptomy'cm solution contammg cither 
1 0 or lOy per cc These muctures are in- 
oculated directly on sohd Lowenstem medium 
Three senes of tubes are meubated {1) 
specimen without streptomy'cm, (5) specimen 
with streptomycm solution of 1 0 y per cc, 
(S) specimen with streptomycm solution of 
10 Y per cc The results can be evaluated after 
two weeks The strain is considered resistant 
if it grows m both streptomycm dilutions A 
stram is considered at the lower limit of 
resistance if it grows only m 1 0 y per cc 
This method admittedly gives only a rough 
estimate of the streptomy'cm sensitivity and 
should always be followed by the usual 
sensitivity determmations m hqmd media — 
Nouvelle mithode de Mratwn de la streptomy- 
cino-rimtance du bacille titberculeux, P 
Haduroy el IF Rossel, Rev de la tuberc , 
1948, 12 SS4 — ( V Leites) 

Plastic Irritants — ^Certam synthetic plastic 
materials have the abihty to mcite fibrosis 
Cellophane and polythene are such irritants 


although the effect of the latter taries wuth its 
quality The experimental production of 
pleural and pulmonary' fibrosis has been tried 
m 1 dozen dogs using the two plastics A 
sheet of plastic was wrapped around portions 
of one lung at pleurotomy after which the 
effects were noted clinically at the end of three 
and SIX months Both plastics produced 
thickened pleura, collapse of the chest wall 
and lung, and some fibrosis of the lung 
Cellophane tends to produce a fulminating 
ty’pe of reaction but the changes are 
compatible with life and health The effect 
of the films was \ enable, since the reaction is 
due to plasticizers used in manufacture and 
the film is the \ elude of the chemical on its 
surface The utility and effect of the methods 
m human tuberculosis is conjectural but it 
could bo tried for the production of adhesions 
and to obliterate blebs and fistulae — Ex- 
perimental pulmonary collapse, J L South- 
worth, Ann Surg , January, 1949, 129 
So — (TT H Oaticay, Jr) 

Tissue Distribution of PAS — ^Tlie distnbu- 
tion of para-armnosalicy he acid (PAS) m xmn- 
ous tissues was studied by' means of fluores- 
cence microscopy Specimens were fixed in 
hquid air and dried in lacuo before bemg em- 
bedded m paraffin and sectioned No stainmg 
was performed In ultra Molet light PAS has a 
strong, green fluorescence It was found that 
PAS accumulates m elastic fibres but not m 
collagenous tissue so that a normal lung 
absorbs relatively laige quantities of this 
drug However, the quantities are smaller m 
tuberculous cavities where the elastic fibres 
are sev'ered and partially destroyed — The 
distribution of para-aminosahcylic acid tn the 
tissues, K Aim d S Helandcr, Acta tuberc 
Scandinav , ms, 22 2SS—iK T Bird) 

Insulin Tolerance in Amyloidosis — ^The 
insuhn tolerance test is shown to be abnormal 
m amyloidosis This abnormahty' coMists of 
an mcreased resistance to insuhn and an im- 
paired response to hy’pogly'cemia It is sus- 
pected that this response is the result of 
hepatic dy'sfunction The cases studied also 
showed an abnormal retention of brom- 
sulfalem and significantly positive cephahn- 
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cliolesterol flocculation tests m addition to 
Congo red absorption and hepatomegaly 
The test responses n ere similar to those found 
m other types of liier disease and to those 
elicited m cases of portal cirrhosis tested 
concurrently (Author’s Summarj) — The in- 
sulin tolerance test in amyloidosis, S London, 
Quart Bull , Sea View Hosp , April, 1947, 
9 137— {K T Bird) 

Public Health and EPIDE^^OLOQT 

Loss of Tuberculin Sensitivity — A senes 
of 7,500 school children from 4 to 20 years 
of age was tested \nth tubercuhn Children 
under 14 were tested by percutaneous meth- 
ods, the mtracutaneous method was used for 
older subjects All were obsen ed for penods 
of one to seven years, 2 to 10 tests bemg 
made m each case "WTien the reactions became 
negative, control tests were made eight to fif- 
teen days later Of the?, 500 children, 2,315 
showed positive reactions when first tested, 
320 of them later became negative reactors 
Of 496 children 4 to 10 years of age, 175 (35 
per cent) became negative reactors, of the 
1,338 children 11 to 15 years of age, only 
128 (9 5 per cent) failed on subsequent tests 
to react to tubercuhn Of the 441 students 
16 to 20 years old, 17 (3 8 per cent) became 
nonreactors Attention is called to the fact 
that young children often have been removed 
from foci of infection Acute tuberculosis is 
less frequent among them than among 
adolescents who are more exposed to reinfec- 
tion Reappearance of sensitivity to tuber- 
cuhn after it has been lost is considered by the 
authors to be evidence of reinfection rather 
than of the persistent influence of primary 
mfection — Extinction spontanSe des rSactions 
cutaneSs a la tuberculine chez Vhomme, M 
Gillard A A LeCoeg, Acta tuber cuhsea 
Belgica, April, 1948, 39 97 — (A T Laird) 

ESect of Amount of Tuberculin — A series 
of 109 apparently healthy mdmduals were 
subjected to 2 simultaneous Mantoux tests 
Of the mdmduals, 94 had normal chest 
roentgenograms, 3 showed hilar adenopathy, 
and 9 had pulmonary calcifications Each 
subject received 0 1 cc of a 1 5,000 tubercuhn 


solution at one site and 0 2 cc of the same 
dilution at a second site 10 cm away from 
the first There was a negative reaction to the 
0 1 cc injection m 33 per cent of the subjects 
and a negative reaction to the 0 2 cc rejection 
m only 19 per cent The positive reactions 
were generally stronger uith the larger m- 
jections Similar tests were conducted on 110 
individuals usmg 0 1 cc of a 1 5,000 tuber- 
cuhn solution and 0 2 cc of a 1 10,000 solu- 
tion The reactions obtamed mth these two 
injections were almost identical Thus the 
amount of tuberculm rather than the volume 
of solution rejected determines the results 
obtained Contnbucidn a la prdclica de la 
reaccidn de Mantoux, A R Ginis, E Gould, & 
C R Talavera, Hcoa tisiol , June, 1948, 8 
117 — (F P6rez-Pina) 

BCG In Adults — ^The authors have ad- 
mreistered BCG by the scarification route to 
4 different groups of student nurses re Pans 
since 1942 In the first group 100 tubercuhn- 
negative student nurses have been vaccinated 
smee 1942 One of them developed sero- 
fibrinous pleurisy eighteen months after 
vaccination but recovered without further 
consequences All of the other students have 
remained re perfect health Some nonreactors 
m the same group refused vaccmation In 38 
per cent of them, tuberculous manifestations 
have appeared, including erythema nodosum, 
serofibrmous pleurisy, tuberculous pentomtis, 
and active pulmonary tuberculosis In a 
second group of nurses, 43 nonreactors have 
received BCG since 1943 None of them has 
developed any tuberculous manifestations 
during the following five years, whereas m the 
years precedmg the use of BCG one case of 
mihary tuberculosis and 6 cases of primary 
tuberculosis had been observed In a third 
group of student nurses, 50 have been vac- 
cmated since 1944 Among them there has 
been one case of abscess due to BCG and this 
healed spontaneously No other tuberculous 
mcidents have been noted A fourth group of 
student nurses have received BCG smee 1945 
Among the vacemated persons there were 3 
cases of transient mediastmal adenopathy 
with fever From 1939 to 1945, before the use 
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of BCG, 21 of 116 nonreactors developed 
tuberculous manifestations, 3 of which w'ere 
fatal — V extension de la prevention de la 
tuberculose par le BCG avx adolescents et 
adultes, A Courcoux, Presse ined , June 12, 
im, 410— (V Leites) 

Contact Control During Vaccination — ^An 
mdividual is “vaccinated” with BCG only 
when a routme is observed which protects him 
from contact infection until the moculation 
becomes effective Proof of “vaccmation” can 
be obtamed only by the use of pre- and post- 
inoculation tubercubn tests There is a defimte 
difference between the terms “BCG mocula- 
tion” and “BCG vaccmation”, the moculated 
mdindual must have had the required tuber- 
culm tests to be considered vaccmated and to 
be usable m statistics The report of Levme 
and Sackett of New York is vulnerable be- 
cause of a failure to isolate infants dunng the 
moculation period They were aw'are of this 
fault, as shown by their follow-up study, but 
then objection to isolation is not rahd TOien 
isolation and control are used, the results show 
an emment advantage Control groups of 
unvaecmated persons are no longer available 
m Sweden smce physicians consider it a 
dangerous experiment to withhold BCG 
moculation and the law considers it crimmal — 
BCG inoculation and BCG vaccination, A 
Wallgren, Am J Bis Child , November, 194S, 
76‘ 4S5 — (IF H Oatway, Jr) 

Q Fever — Q fever was first recognized m 
California m Apnl, 1947 This study mcludes 
300 cases that have been mvestigated m the 
Los Angeles area smce September, 1947 A 
defimte diagnosis was made either on the basis 
of recovery of C bumeii from the tissues m 
two fatal cases, from the blood of other acutely 
ill patients and the urme of convalescents, or 
on the basis of the complement fixation test 
A total of 483 complement fixation tests were 
made, m general, the titers mcreased until the 
fourth week of illness and then tended to 
subside gradually over a penod of j^ears 
Pneumonia was the imtial diagnosis by 
phj'sicians m over 100 cases and was noted 
m the roentgenograms of 97 of 115 cases 
Chest pam, cough, and hemoptysis were 


descnbed The cases occurred throughout a 
wude area at all seasons and over several 
years The patients w ere predommantly males 
m the mdustnal age groups but their occupa- 
tions were extremely diversified In all, the 
epidemiological findmgs suggested 3 general 
hypotheses as to the modes of spread (J) 
occupation m the dairy or hvestock mdus- 
tries, (2) residence close to dames or hi estock 
yards, and (3) household use of mw' milk 
C bnmeti was recovered from 40 of 50 speci- 
mens of raw milk collected from five dairies 
How'ever no one of these possible modes of 
spread would account for more than one-half 
of the cases — Q Fever studies in Southern 
Cahfomui II An epidemiological study of 300 
cases, M Beck, J Bell, E Shaw, &, R 
Huebner, Pub Health Rep January 14, 
1949, 64 41 ~(S Hadley) 

Industrial Atmospheric Pollution — Donora 
is a borough m Pennsjdvania mhabited by 
14,000 people Its mam mdustnes are a zmc 
smeltmg plant, a steel and wire plant, and 
slag crushmg plants It is situated on a river 
along whose banks many heavy mdustnes are 
located There is veiy heaiy river and rail 
traffic w'hich adds to the pollution of the air 
For four days last wmter there w'as an ex- 
ceptionally heavy fog The following day 
deaths began to occur rapidly, reaclung a 
total of 18 m 36 hours AH the victims were 
known to have had heart disease or astlima, 
their ages ranged from 52 to 85 y-ears Five 
hundred other people suffered from dyspnea 
and cough On the second day, repeated 
samples of au were analyzed for sulphur 
dioxide, which is the most irntatmg of mdus- 
tnal gases The first sample showed 0 54 parts 
per milhon, fallmg to 0 08 parts m five hours, 
at about which time the disaster began to 
abate The situation on the previous day 
unfortunately is not knowm The upper hmit 
of safety for sulphur dioxide is thought to be 
0 5 to 0 75 parts per milhon These concentra- 
tions were approached, if not exceeded 
Soluble sulfates were foimd to be present m a 
concentration of 0 2 mg per cubic meter — 
The Domra disaster, J Shillen, Indusl Med , 
February, 1949, 18' 70 — (A G Cohen) 



INFLUENCE OF TYPE OF DISEASE ON THE RESULTS OF 
THORACOPLASTY IN PULMONARY TUBERCULOSIS^ 


MORRIS RUBIN and ROBERT ICLOPSTOCK 
(Received for publication March 28, 1949) 

INTRODUCTION 

Extiapleural thoracoplasty is a well established procedure in the surgical 
treatment of pulmonary tuberculosis The late results, however, still mclude a 
significant number of failures for an apparently standardized operation Un- 
successful results aie generall}’- ascribed to poor choice of patients, insufficient 
collapse of the diseased lung, or to complications resulting from the operation 
itself But in spite of more caieful selection of patients and greater refinements 
m operative technique, there has not occurred a significant improvement m 
the results m recent 3 eais TMiether or not the picture has changed significantly 
since the introduction of stieptom3’’cin is a matter to be decided in the future 

The following report is an anal3’’sis of the early and late results of thoracoplasty 
in 168 patients vith pulmonai^’- tuberculosis operated upon at the Tnboro 
Hospital over a period of five 3''ears, and followed from two to si\ years since 
the completion of the operation In this anal3’-sis particular emphasis has been 
placed on the t3’’pe of disease treated The patients were subgrouped according 
to the predominant chnico-pathologic feature of the disease as determined from 
their records and serial chest roentgenograms prior to the thoracoplasty The 
results of the operation within the mdividual groups were then studied and com- 
pared The data were also reviewed for the gioup as a whole to permit a com- 
parison of the results in this dime ■nnth those obtamed in other clinics It was 
hoped that an anal3’-sis of the results m the manner outlined might be fruitful 
m establishing more precise mdications and contraindications m the use of 
thoracoplasty and the other surgical procedures, such as pulmonary resection, 
which are currently employed in the treatment of pulmonary tuberculosis 

MATERIAL 

From Januaiy 1941 until January 1946, extrapleural thoracoplasty was per- 
formed on 168 patients with pulmonary tubeiculosis The group included 107 
males and 61 females and consisted of 153 white patients, 11 Negroes, 2 Chmese, 
and 2 Porto Ricans Thoracoplasties performed for tubeiculous empyema were 
excluded fiom the analysis The opeiation was uniform throughout the series 
and consisted of the modern multi-staged, selective thoracoplast3’’ The number 
of stages and ribs resected depended upon the extent and location of the disease 
and the condition of the patient The transverse processes were, as a rule, re- 
sected An apicolysis was performed only m selected cases Supplementary 

1 From the Surgical Service, Tnboro Hospital, Jamaica, Long Island, New York 
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operations such as anterior stages and revisions were performed, vhen indicated, 
to close residual cavities 

With the few exceptions to be noted later, the indication for thoracoplasty 
vas the presence of cavitai^' pulmonaiy tuberculosis and tubercle bacilli m the 
sputum or gastric vashmgs In 5 patients the sputum became negative for 
tubercle bacilli prior to surgeiy but, because of poor family background and 
evidence of previous instability of the disease, thoracoplasty was considered 
advisable Tomographic studies uere done in almost eveiy instance before and 
after surgei^' Small cavities u ere occasionally discernible by tomograph}'' in the 
contralateral lung 'uhich i^ere not detected in routine films One hundred thirty- 
nine patients uere bronchoscoped preoperatively Pulmonary functional studies, 
including bronchospirometi^', were performed in borderline cases, especially in 
the presence of bilateral disease or if there had been a history of contralateral 


TABLE 1 
Age Incidence 


AC^ 

KmnjEJi or rATrcNTS 

15 to 20 

7 

21 to 30 

55 

31 to 40 

69 

41 to 60 

34 

51 to 57 

13 

Total 

168 


disease that had required collapse treatment All patients over 40 years of age 
were exammed by a cardiologist before operation None of the patients received 
streptom5’’cm, as the operations were performed before this antibiotic came into 
general use 

Classification 

To permit a more accurate analysis of the factors entering into the results, the 
168 cases submitted to thoracoplasty were dmded into groups based on the pre- 
dominant clmico-pathologic feature of the disease as determined by senal 
roentgenograms and the clinical course The determinmg factor in this classifi- 
cation was not the size of the cavity, but rather the underlymg pathology leading 
to cavity formation Large, thm-walled cavities were therefore differentiated 
not because of their size but because they represent a definite pattern of pulmo- 
naiy tuberculosis The fate of pulmonary canties depends largely on their 
bronchocavitary dynamics, that is, the degree of stenosis of the draimng bronchi 
traversing the cavity wall and the elasticitj' of the canty ■wall itself, ■whether 
atelectatic or fibrotic 

Group I Ftbrocaseoiis tuberculosis This group was characterized by predominantly pro- 
ductive lesions, limited in extent, associated with Email or moderate-sized cavities Active 
disease had usuallj c'visted one to tn o j ears and appeared clinically stabilized at the time of 
Eurgerv This group yields the largest number of cases treated n ith thoracoplasty 
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Group II Fibroid tuberculosis Pulmonary disease with marked fibrosis and retraction 
of the involved lobes associated with rigid cavities, bronchiectasis, and emphysema was 
included in this category The disease had usually existed for many years 

Group III Caseocavernous tuberculosis A few patients were found to have a progressive, 
caseating form of tuberculosis They v ere submitted to thoracoplasty with the hope that 
the operation might halt the progress of the disease 

Group IV Tuberculosis associated with large thin-walled cavities Patients 'whose lungs 
contained large, thin-walled cavities were included in this group Small disseminated tuber- 
culous foci usually surrounded the cavity Multiple cavities occasionally were present As 
a rule, the patients were in good health 

Group V Tuberculosis and bronchiectasis This group consisted of patients with upper 
lobe fibroid tuberculosis and lower lobe bronchiectasis This type of lesion is widely clas- 
sified as the “destroyed lung ” The bronchiectasis was not necessarily tuberculous in nature 


TABLE 2 

Extrapleural Thoracoplasty 168 Cases 
Pathologic Pattern and Extent of Diseases 


TYPE OP DISEASE 

NUMBEE 

CASES 

Umlater 

No Contra 
lateral 
Disease 

DISTRIBUTION 

al active 

Contralateral 

inactive 

Bilateral 

active 

disease 

I Fibrocaseous 

117 

37 

60 

20 

II Fibroid 

13 

2 

10 

1 

III Caseocavernous 

5 

2 

3 

0 

IV Giant cavity 

23 

6 

17 

0 

V Tuberculosis and bronchiectasis 

6 

3 


1 

VI Unexpandable lung 

4 

3 


0 

Total 

168 

53 

93 

22 


Group VI Unexpandable lung Patients in this group had previously had pneumothorax 
treatment, which had resulted in an unexpandable lung due to stenosis of a major bronchus 
Unexpandable lung due to a pleural membrane was not noted since patients with pleural 
complications were excluded from this survey Actually, the unexpandable lung is a com- 
plication of therapy rather than a type of pulmonary tuberculosis 

In table 2 may be seen the distribution of the cases according to the above 
classification One hundred forty-six patients were found to have unilateral 
active disease, 93 of whom had evidence of inactive tuberculosis in the contra- 
lateral lung Tv\'enty-two patients had bilateral active tuberculosis 

RESULTS 

Combined Groups 

Immediate results The immediate results for the entire series of cases are 
summarized in table 3 The early results w ere based on the status of the patients 
SIX to eight weeks after the completion of the thoracoplasty when they were 
usually transferred to the medical service for further convalescence The opor- 
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ftlion was considered “successful” when (/) cavitj” closuie was realized as deter- 
mined by Bucky roentgenograms and tomograms, (3) sputum “con^erslon” was 
achic\cd on repeated sputum or gastric concentrates and cultures, and (S) 
respiratory function seemed adequate Relative degrees of iraprm ement were not 
classified A thoracoplasty which failed to close the cavity and “con\ert” the 
sputum, or could not be completed because of a deterioration in the patient’s 
status or ns a result of respirator} insufiicicnc}' resulting from the operation, was 
considered a “failure ” No case was classified as a failure, howei or, unless active 
disease was present following a thoracoplast}' which could not be completed, or 
aftei attempts to control the disease by supjilcmentar}' suiger}', such as anterior 
stages or revisions, had failed Thoracoplasty failures submitted to pulmonai}’' 
resection were still classified as failures 


TABLE 3 

Uarly Surgical llcsulls 



As may be seen m table 3, cavity closure and sputum “conversion” were 
achieved in 129 (76 8 per cent) of the 168 patients submitted to thoracoplast}’’ 
Eesidual cavitation and/or persistently “positn’-e” sputum were found in 30 
patients (17 9 per cent) Nine patients did not sumve the opeiation, a mortality 
of 5 3 per cent The postoperative complications are analyzed in table 4 Wound 
infections occurred in 25 patients Postoperative spreads of disease occurred in 
19 patients In 13 instances, this complication occurred on the operated side and 
m 6 on the contralateral side The fatalities aie analyzed in table 5 
Late results A recent follow'-up report w’as obtained m 141 of the 168 patients 
two to SIX years following the opeiation Tw'entj’-'Seven patients could not be 
traced Patients who were not attending the Triboro follow-up clmie w^ere 
traced by questionnaires sent to hospitals, chest clinics, or private ph 3 'sicians 
In table 6 is shown the present status of the patients traced To present a compre- 
hensive survey of the results, the early as well as the late fatalities are included 
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Of 111 patients followed, S9 (G3 1 per cent) arc climcillj' well, the disease 
arrested Thirty-two patients lia\c acli\c tuberculosis (22 7 per cent) In 20 of 
these 32 iin'niccc'^sful ca-^cs actnc tuberculosis is present on the operated side, 
in 12, m the contralateral lung Of the 20 late failures with active disease beneath 

T\.BLi: 1 


Po'^toprralttc CompUca(xon<t 


Wound infections 

25 

(11 9 per cent) 

Postopornlixc sprends 


Contrnlntcral 

6 

Ipsilnlcrnl 

13 

Tot-il 

19 

(113 per cent) 

MiscclKncous 


Plcurnl tenrs 

S 

Ccrcbril misc ncc 

2 

Plcurnl cffu'^ions 

3 

Severe hcmoptvsis 

1 

Horner’s svndrome 

1 

rist drop 

1 


TABLE 5 

Analystt of FataUixes 


Poslopcrntivc deaths 


Besp insufficicncj 

4 

Pulmonarj embolism 

2 

Shock 

1 

Sepsis 

1 

Suicide 

1 

9 

(6 3 per cent) 

Late deaths 


Progressive disease 

7 

Resp insufliciencj' 

2 

Cocaine reaction 

1 

Undetermined 

1 

11 

(8 3 per cent) 


the thoracoplasty, 15 had had early unsatisfactory results and persistently 
“positive” sputum Active disease recurred m only 5 patients on the operated 
side It should be noted that m most instances of reactivation of the disease m 
the untreated lung, nearly all had roentgenographic evidence of disease in that 
lung at the time of operation There were 11 (8 3 per cent) late deaths (table 5) 
The fate of the early surgical failures and successes is showm in tables 7 and 8 
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usually limited to the upper portion of the lungs and showed little tendency to 
progress Cavities, vaiying from 2 to 4 cm m diameter, were demonstrable in 
almost every instance Ninety-seven patients of this group were subnaitted to 
thoracoplasty for active disease in one lung In 37 of these, the disease was 
unilateral, m 60, there were some arrested foci in the other lung In 20 patients, 
there was bilateral active tuberculosis requiring bilateral collapse measures, the 
results of which mil be analyzed separately The immediate and late results m 
the 97 patients with unilateral, or predominantly unilateral, active disease are 
shown in table 9 


TABLE 8 

Fate of Early Successes 



Early cavity closure and sputum “conversion” were attained by 86 patients 
(88 6 per cent) There weie 9 early failures and 2 postoperative deaths Seven 
of the 9 early failures were associated with delays in the completion of the oper- 
ation as a result of vound infection in 6 and postoperative spread of disease in 
one One of the deaths resulted from severe paradoxical respiration follow ing the 
first stage, the other was due to pulmonary embolism, proved at autopsy, follow- 
ing an appendectomy performed two weeks after the first stage The factor of 
interruptions wull be discussed later 

The late results in 77 patients wuth unilateral active fibrocfseous tuberculosis 
reveal that 62 (SO 6 per cent) are w ell and their disease is arrested Of 10 patients 
w ith progressive tuberculosis, 5 have acti\ e lesions in the lung of the operated 
Bide and 5 have active lesions in the opposite lung Four of the 5 patients w ith 
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active disease on the operated side veie originally classified as early surgical 
failures Four of the remaining 9 patients classified as early failures are well at 
present and one has died In only one instance did a breakdoivn occur m the 
collapsed lung after a period of apparent arrest of the disease All of the patients 
who developed active tuberculosis m the noncollapsed lung had evidence of 
inactive disease in that lung at the time of operation There were 3 late deaths 
Tuberculous meningitis accounted for one and another died suddenly from a 


TABLE 9 

Results Unilateral Active Fibrocaseous Tuberculosis, Group I 

EARLY RESULTS LATE RESULTS 



cocame reaction preparatory to bronchoscopy The cause of death in the third 
patient could not be ascertained 

Of the 20 patients \nth bilateral upper lobe fibrocaseous tuberculosis, not 
included in table 9, 13 were submitted to thoracoplasty in the presence of a 
contralateral pneumothorax Sputum “conversion” and cavity closure occurred 
in S patients There were 3 early failures One patient de\ eloped a depressive 
psj'-chosis, which precluded the completion of the thoracoplast}' Active disease 
persisted in 2 patients There v ere 2 early deaths One patient committed suicide 
and the other died from respiratoiy embarrassment following the first stage 
At the present time onlj' 2 patients are veil Fn e have active disease, 4 in the 
re-expanded lung and one under the thoracoplasty There nere 2 late deaths. 
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one of ■nhich was due to progressive disease, the other to a spontaneous tension 
pneumothorax Tw’o patients could not be traced 

Seven patients were submitted to bilateral thoracoplasty There was one 
postoperati\e death following the imtial stage of the contralateral thoracoplasty 
due to severe paradoxical respiration Four patients with completed bilateral 
thoracoplasties had arrested disease Two, how’ever, were followed less than two 
years because of very long intervals between operations and were not classified 
with the arrested cases (table 11) There were no late deaths Two patients could 
not be traced 

The patients wuth active fibrocaseous tuberculosis limited to one side responded 
verj" w'ell to thoracoplasty The majority w'ere between twenty and forty years 
of age, W’ere good surgical risks, and had adequate respiratory reserve Patients 
w ith bilateral thoracoplasties did better than those wnth contralateral pneumo- 
thoraces Late exacerbations in the re-expanded lung accounted for many of the 
failures 

Group II Fibroid tuberculosis This form of tuberculosis represents the late 
phase of the disease described in the previous group It is characterized by marked 
fibrosis and distortion of the affected lobes Pulmonary emphysema of varying 
degree and dislocation of mediastinal structures are frequent sequelae The 
problem presented in this group is the closure of one or more rigid-walled cavities 
in individuals with impaired pulmonary function Of the 13 patients m this 
group, 10 W’ere over forty years of age, 3 were in their mid thirties 

Thoracoplasty was completed in only 6 of the 13 patients, with resulting 
cavity closure and sputum “conversion,” one of whom had considerable dyspnea 
following the operation Unsuccessful results were obtained in 5 patients, m 4 of 
W'hom dyspnea prevented the completion of the operation A residual cavity and 
“positive” sputum were present in the fifth patient There were 2 postoperative 
deaths Massive pulmonary embolism proved at autopsy occurred in one patient 
and respiratory embarrassment after the first stage w’as fatal m another Dyspnea 
was a frequent complication in this group, occurring m 6 of the 13 patients At 
present, 5 patients can be considered well and 4 are alive with active disease 
One late death occurred m one of the patients with an incomplete thoracoplasty 
as a result of increasing respiratory embarrassment One patient could not be 
traced As m the previous group, there were no deaths as a result of progressive 
tuberculosis We have recently been considering pulmonary resection m selected 
patients with this form of tuberculosis 

Group III Caseocavemous tuberculosis Patients with caseocavernous tubercu- 
losis are not suitable for thoracoplasty as a rule Nevertheless, there were 5 
patients with this form of disease who had improved sufficiently to warrant an 
attempt at thoracoplasty with the full realization of the risks involved The 
operative course was stormy in all but one At present, 2 patients have “negative” 
sputum but have dyspnea on exertion which, however, does not prevent them 
from working The disease progressed m the remaming 3 patients, terminating 
fatally m one It is possible that streptomycin may alter the prognosis m this 
group 

Group rV Tuberculosis associated with giant ihin-walled cavitation A giant 
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cavity was the prominent feature of the disease in 23 patients The cavit}’’ 
measured five or more centimeters in its greatest diameter, was thm-walled, and 
usually surrounded by disseminated disease Large cavities due to massive 
caseation necrosis, which should be classified as caseocavernous tuberculosis, 
were not mcluded m this group Patients vath such ca\nties seldom come to 
thoracoplasty because of the acute course of the disease There were no mstances 
of bilateral giant cavities Of 17 patients bronchoscoped preoperatively, only 5 
had \asible endobronchial disease One patient had laryngeal tuberculosis, the re- 
mammg 4, disease of the bronchus of the mvolved lobe A study of resected 
specimens has revealed tuberculosis of the small bronchi m this type of lesion 
Intracavitary pressure readings performed m a number of instances disclosed 
the cavities to be of a tension type, a few had free bronchial commimication In 

TABLE 10 

Results Thin-walled Catnites, Group IV 
EARLY RESULTS LATE RESULTS 



several others periodic changes were noted m the bronchocavitary djmamics 
In 17 patients, there was roentgenographic evidence of inactive disease m the 
contralateral lung Monaldi suction was employed prior to thoracoplasty in 2 
cases with diminution m the size of the cavity Unfoitunately, surgery could not 
be completed in either instance because of respiratorj'' embarrassment follou ing 
the fiist stage One patient had amyloidosis but underwent the operation under 
local anaesthesia with satisfactory’' results She died three years later following 
the development of another giant cavity of the same pattern in the contralateral 

lung 

Caruty closure and sputum “conversion” were achieved m 16 of the 23 patients 
(69 5 per cent) Seven patients (31 5 per cent) were left mth residual ca\uties 
and sputum positive for tubercle bacilli The thoracoplasty could not be com- 
pleted m 4 patients because of insufficient respiratory reserve in 3 and severe 
asthmatic seizures in one There were no postoperative deaths Twenty-one of the 
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23 patients have been followed and 13 (60 8 per cent) are well There were 4 
late deaths (19 6 per cent), 2 resulting from contralateral disease with giant 
cavitation Two of the 4 patients who were persistently dyspneic after the oper- 
ation died subsequently Four patients still have residual cavities and sputum 
positive for tubercle bacilli 

The difficulties encountered m obliterating giant cavities, especially those of 
the valvular variety, are shown by the amount of surgery required There were 
more stages and more ribs resected in this group than m any of the other groups 
Nine of the 19 patients, in whom the thoracoplasty was completed, underwent 
four or five operations and required resection of from 8 to 11 ribs to achieve 
cavity closure Eleven of the 19 patients required supplementary stages and 
revisions 


TABLE 11 

Late Results According to Groups 


TYPE OP DISEASE 

CASES 

POLtOWED 

AESESTED TB 

ACTIVE TB 

DEATHS 

I Fibrocaseoua 

Unilateral 

77 

62(80 6%) 

10(12 9%) 

6(6 5%) 

Bilateral 

16 

4(25 0%) 

7(43 8%) 

5(31 2%) 

II Fibroid 

12 

5(41 7%) 

4(33 3%) 

3(25 0%) 

III Caseocavernous 

5 

2(40 0%) 

2(40 0%) 

1(20 0%) 

IV Giant Cavity 

21 

13(60 8%) 

4(19 6%) 

4(19 6%) 

V Tuberculosis and Bronchiectasis 

6 

0(0%) 

4(66 6%) 

2(33 4%) 

VI Unexpandable lung 

4 

3(75 0%) 

1(25 0%) 

0(0%) 

Total 

141 

89(63 1%) 

32(22 7%) 

20(14 2%) 


Group V Tuberculosis and bronchiectasis In 6 patients a combination of 
tuberculosis and bronchiectasis resulted in destruction of a lung Symptoms 
referable to suppuration usually overshadowed those of active tuberculosis 
Excessive cough and copious expectoration of purulent, occasionally foul-smelling 
sputum were particularly troublesome Roentgenograms of the chest revealed a 
shiunken, destroyed lung with tuberculous cavities m the upper lobe and bron- 
chiectasis in the remaming lobes Four of the 6 patients had contralateral disease 
which was considered to be inactive at the time of operation Thoracoplasty v as 
unsatisfactory in every case The operative course was stormy, m most instances 
because of retention of secretions which caused death in 2 patients In a third 
individual, reactivation of disease in the opposite lung precluded completion of 
the operation All 3 of the patients in whom thoracoplasty was completed are 
troubled wuth cough and purulent expectoration, although in one the sputum 
IS negative for tubercle bacilli None of the living can be considered well 
Gioup VI Unexpandable lung Bronchoscopic examination revealed stenosis 
of a mam bronchus m 4 patients, all of whom had unexpandable lungs They 
all had had pneumothorax treatment In this series, none were found to have an 
unexpandable lung secondary to a pleural membrane, in view of the fact that 
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P'Uicnt'' \\ifh plpur!!! rornjiluntions were not inchulod Allompts at rc-pxpari'-jon 
of the limp; prior to thorat op!nst> in ono pntionl n"-tilt«l m n marKed fihift of the 
mediastinum to (ho iifTi'cted Mdo 'i'Ju' opiration was done in this instance to 
reduce the amount of (ruche il doMation In the remainder, thoracoplasty was 
done to obliterate “dead” pleural space All had <juif«ccnt di'Ca^e at the time of 
thorat oplastc 'J’hcre were no po-^topiratice deaths in this group Three of the 
patients are nine and well Contndateral decase developed in one patient three 
joars later She had rocntpenographic oMdcncc of diseiu“c in that lung prior to 
the operation 


cf Opcralite Inlrrruptwns on the Rc'ndh 

Conitidcrable emphasis has been placed on (he importance of the degree of 
pulmonaiw' collapse obtained in determining the results of thoracoplastj' Failures 
arc customarily ascribed to incfTcctn c collapfe resulting either from intcrniptions 
in the operatic e hcliedule or from an improperly performed thoracoplasty 
Inasmuch ns interruptions in the jiropcr spacing of operatic c stages arc considered 
parliculnrlc serious, an analcsis ccas made of the cases in cchich, for one reason 
or another, long intcrcals occurred bctccccn Ihoracoplnsty stages Again, atten- 
tion cc as gi\ on to the ty pc of pulmonary lesion in\ oh ed 

Interruptions m the completion of the thoracoplaslc occurred in o8 patients, 
in most instances as a result of ccound infection or spread of the disease Of this 
number, 2G had an unsatisfactory result, accounting for all hut 4 of (he 30 early 
failures Of particular significance is the fact that 19 of the 20 failures ccere m 
Groups 11 to V mclusicc, cchilc only 7 ccerc m Group I, although this group ccas 
larger than the others combined (table 2) Successful results ccere noted m 32 
patients cc ho had had similar interruptions Tcc enly'-eight of the 32 cases belonged 
to Group I, wliilc only 4 belonged to Groups II to V, inclusice In Group I 
(fibrocascous tuberculosis) the disease ccas limited and showed a natural 
tendency’ to lienl This group was found most suitable for thoracoplasty Inter- 
ruptions in the completion of the operation were not particularly’ serious on the 
final results Hoccecer, m the remaining groups which did not respond as favor- 
ably to thoracoplasty because of rigid or tension cavities, bronchiectasis, or 
cavities in the paramediastinal area, delays in the staging of the operation were 
particularly detrimental Tlie ty’pe of lesion present in these groups required as 
complete a surgical collapse as possible to nchicc c a satisfactory result, which evas 
frequently impaired by the delay between stages 

DISCUSSION 

A study of the results of thoracoplasty m the various forms of pulmonaiy 
tuberculosis indicates that the nature of the tuberculous process has considerable 
bearing on the final outcome of the operation Although the majority of the 
cases (Group I, fibrocascous) present a type of disease which responds satis- 
factorily to thoracoplasty, there are a number of smaller groups m which the 
operation is not nearly as effective and w’hich account for almost all the surgical 
failures The poor results obtained w’lth caseocavernous tuberculosis are obviously 
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1 consequence of the rapKll}' pi ogessive nature of the disease Theie are groups m 
\shich the disease appears sufficientb’’ stabilized to wairant suigery, but other 
factors inherent m the basic pathologic pattern, such as rigid cavity wall, un- 
predictable (hin-v ailed ca\it}', tuberculosis bionchitis, associated suppurative 
bronchiectasis, oi the presence of a niarkedl}’^ thickened pleura, militate against 
a successful thoiacoplast3' 

The best icsults vith thoiacoplast}-^ aie obtained in the gioup of unilateral 
actn c fibrocascous tuberculosis It is quite appaicnt that the ultimate statistical 
picture of the operation in a lai^e scries of cases depends consideiablj’’ upon the 
size of this group Unless the results of thoiacoplastj’’ are analyzed according to 
the types of disease tieatcd, the significance of this important factoi is not 
appreciated In the present senes the operative and late mortality lates were 
lover for the fibrocascous group than for the entiie series Likewise, there were 
few late recurrences (tables 2, G, and 9) 

Thoracoplastj for fibroid tubeiculosis is associated with a large percentage of 
failures These result not onlj' fiom the difficulty in effectively collapsing 
markedl} fibrotic lesions associated with emph3"sema but also because of the 
impaired respiratora' function which ma3'’ accompany this type of disease The 
majority of the patients with fibroid tubeiculosis aie ovei foity years of age 
and have been ill for man3’- 3ears In the present series the operation was com- 
plicated by d3 spnea and residual disease in almost 50 per cent of the patients in 
this group Unusual care must theiefore be exercised m selecting patients with 
fibroid tuberculosis for thoracoplasty 

The results of thoracoplasty in the group of large, thin-w ailed cavities are un- 
predictable The disease became arrested m approximately 60 per cent of our 
patients, many of W'hom required extensive surgery to achieve this result The 
difficulties encountered in the closure of such cavities result in great part from 
the presence of check-xalve mechanisms in the diaining bronchi Recently, m 
such cases w'c have employed thoiacoplasty from below upward with the inten- 
tion of anchoring the lung below the cavity so that the latter is prevented from 
dropping into the thoracic cage In a comparable numbei of cases, this procedure 
has eliminated the need for additional or supplementary operations Of late, 
pulmonary resection is also being used with increasing frequency in the treat- 
ment of these patients A\uth large, tiun-walled cavities 

The treatment of fibroid tuberculosis and bronchiectasis with thoracoplasty 
IS very disappointing Because of the associated bronchiectasis, the operation is 
often complicated by retention of secretions and bronchogenic dissemination of 
the disease Although sputum “conversion” occurred in some of the patients, the 
survivors continue to be plagued by symptoms referable to the mixed infection 
Recent experience indicates that resection followed by thoracoplasty is prefer- 
able, especially m view of the added protection offered by streptomycm 

SUMMARY 

Am analysis has been made of the results obtained m 168 patients with pulmo- 
naty tuberculosis who were treated with extrapleural thoracoplasty The purpose 
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of the study VI as to evaluate the factor of the type of disease under treatment in 
relation to the late results of the operation None of the patients received strep- 
tomimm 

The late results for the entire senes were as follows Of 141 patients traced 
who had had thoracoplasty from two to si\ jmars previously, 63 1 per cent had 
arrested tubeiculosis and 22 7 per cent actnm disease The operative mortality 
was 5 3 per cent and the ovmr-all mortality 14 2 per cent All but 5 of the 168 
cases had stabilized lesions at the time of surgeiy Opeiative complications result- 
mg in delays in the completion of the thoracoplasty were analyzed It was found 
that the outcome of such delays depended to a great evtent on the type of lesion 

The entire senes of cases was then classified accordmg to the type of lesion 
and the results of the operation compared for each group The largest group con- 
sisted of patients vnth unilateral fibrocaseous tuberculosis The best results of 
thoracoplasty were obtained m this group Only one patient vnth an imtially 
successful result had a “breakdoivn” under the thoracoplasty It is the size of 
this group which determines the over-all statistical results of thoracoplasty 

Giant thin-walled cavities, thick-walled cavities, and tuberculosis with bron- 
chiectasis accounted for most of the failures in the series It vas not the size 
of the cavity per se but the underlying pathologic pattern which influenced its 
closure with thoracoplasty Currently, these types of cases are being treated 
preferably with resection in combination with streptom3Tm It will take a number 
of years before it will be possible to assess the results of such treatment 

SUMAEIO 

Influjo de la Forma de la Enfermedad sobre el Resultado de la Toracoplastta 
en la Tuberculosis Pulmonar 

Este andlisis comprende 168 tuberculoses pulmonares tratados con la toraco- 
plastia extrapleural, temendo por objeto justipreciar la relacidn que guardaba 
la forma de enfermedad con los resultados tardfos de la operacidn Ninguno de 
los enfennos recibid estreptomicina 

Los resultados tardfos para toda la sene fueron fetos De 141 enfermos descu- 
biertos que habfan sido objeto de una toracoplastia de dos a seis auos antes, 
63 1 por ciento tenfan tuberculosis estacionada y 22 7 por ciento activa La 
mortalidad operatona fu4 de 5 3 por ciento y la global de 14 2 por ciento Todos 
los casos, menos o, tenfan lesiones estabilizadas en la fecha de la operacidn 
Analizadas las complicaciones quirurgicas que hicieron demorar la terminacidn 
de la toracoplastia, observdse que el resultado de tal demora dependfa en gran 
parte de la forma de la lesidn 

Toda la sene fu6 clasificada despu4s conforme a la forma de la lesidn, compardn- 
dose el resultado de la intervencidn en cada grupo El gnipo mds numeroso 
constaba de enfermos con tuberculosis fibrocaseosa unilateral, y en este grupo 
fud que la toracoplastia obtuvo sus mejores resultados Un solo enfenno con 
resultado micial bueno expenmentd una "recafda” con la toracoplastia La 
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nw2;nitud do cstc grupo os lo que dctcrmina cl rcsultado cstadlstico global de la 
tor'copia'-tn 

Ln$ caNcnins gigantcs de parcdca dclgadas, Ins c ucrnas dc parcdcs gruesas y 
la tubcrcido'^is oon bronquicctnsia comprcndcn la m!i3or parte de los fiacasos 
de la scnc Xo cl tnmabo per -^c, sino cl £iib3’nccntc patron patoldgico dc la caverna 
fu6 lo quo afeeW cl cicrro dc la mi'^ma con la toracoplastia Actualmcntc, csos 
c.\so<5 son iratadoa dc prcfcroncia ton la rcscccidn combinadn con la cstreptomi- 
clna mas tardan^n \arjos afios antes dc que “^ca posiblc \alorar cl resultado de 
CSC tntaraicnto 



PLEURAL DECORTICATION IN PULMONARY TUBERCULOSIS^ = ’ 
JOSEPH WEINBERG and J DWIGHT DAVIS 
(Received for publication May 5, 1949) 
lOTRODtrCTTOJf 

The problem of tuberculous empj’-ema and its precursor, the unevpandable 
lung followmg pneumothorax, has long been a disturbmg one Woodruff (1) in a 
review of 135 cases found that 28 per cent of the pure tuberculous empj’-emas and 
60 per cent of the patients with mixed infection died witlim five j^ears In more 
than half of the fatahties the disease n as minimal in the opposite lung, mdicating 
that the tuberculous pleuiitis was an important, if not the prmcipal, factor m 
causmg death Of those survivmg more than five years, over half remamed under 
treatment 

Stimulated by the excellent results obtamed with decortication m hemothorax 
durmg World War II (2, 3), a numbei of surgeons have extended the procedure 
to tubeiculous empyema m its established and mcipient forms (4, 5, 6, 7, 8, 9, 
10) There are now enough cases reported to indicate that the procedure may be 
successfullj’- applied in tuberculosis as fai as obliteratmg the abnormal pleural 
space and re-expandmg the lung are concerned In the few years that have elapsed 
since adoption of the procedure, it appeals that tno of the feaied complications, 
dissemination of the tuberculous process and development of tuberculous sinuses 
m the surgical wounds, aie infrequent occunences This is largelj’’ credited to 
the use of streptomycin during the surgical period 

OBSERVATIONS 

Indications for Decortication 

We consider three classes of cases to be suitable for decorticn tinn^-he-Irank 
empyema, the peTsiscent abnormal spaCtrAvilIr tinckened inembrane and vnth- 
oht suppuration,' and the abno imal space viucii tends to become obliterat ed bj’’ 
ex treme lifti n g of the mediastinum and overexpansion of the_ DPPoat<T lung 

Sbliteratiion^f the^bnormal space and re'expansion of the lung is most easily 
accomplished m the nonsuppurative cases in which decortication is peiformed as 
soon as it is determmed that satisfactorj’^ re-expansion of the lung cannot be 
accomplished b}'' nonsurgical means Satisfactory expansion by nonsurgical means 
implies that the lung v ill expand progressively to fill the space mthout extreme 
shiftmg of the mediastinum or overinflation of the opposite lung 

* Erom the Departments of Thoracic Surgery and Thoracic Medicine, Birmingham Vet- 
erans Administration Hospital, Van Nujs, California 

= Presented before the Medical Section, as part of the sjonposium on Surgery, at the 45th 
annual meeting of the National Tuberculosis Association, Detroit, Michigan, Maj S, 1949 

5 Published mth perimssion of the Chief Medical Director, Department of Medicine 
and Surger 3 , Veterans Administration, nho assumes no responsibility for the opinions 
evpressed or conclusions drawn by the authors 
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Docoitication is lelatuclj' difficult in the fiank tubeiculous empj'^emas of 
either the mixed oi unmixed t 5 ’'pe, shaip dissection being lequiied foi much of 
the separation Complete ie-e\pansion of the lung is not always obtained, and 
all of oui suigical complications ha\e occuiied m this gioup This has made us 
appieciate the impoitance of anticipating established fiank empyemas and per- 
foimmg dccoitication befoie extieme fibiosis occuis 

The degiee of activity of the tubeiculosis m the undei lying lung plays an im- 
portant pait in deciding whether oi not decoi tication should be perfoimed If 
acute tuberculous pneumonitis is piesent, one should ivait until the process has 
subsided before consideiing decoi tication In those cases in wffiich there is exten- 
sn e fibrosis, one maj"^ wish to obhteiate the emp 3 ’'ema, even though le-expansion 
of the lung following decortication is impiobable In these cases, w^e have fol- 
lowed decoi tication with thoiacoplasty The thoiacoplasty need not be of the 
conventional type with lemoval of transveise processes and the first rrb, since 
its onty puipose is to obhteiate the space left by the incompletely expanded lung 


TABLE 1 

Precursor of Pleural Mcmbianc 


Induced pneumothoi ax 

8 cases 

Spontaneous effusion 

1 case 

Induced follow ed bj spontaneous pneumothoi ax 

1 case 

Pneumothorax and pneumonohsis 

5 cases 


If the thoiacoplasty is for the puipose of compressing a pulmonary lesion, how- 
e\ei, it IS perfoimed according to accepted procedure 
If bi onchoscop}’’ reveals a fibrous stenosis of a major bionchus or if broncho- 
pleuial fistulae are piesent w'liich probably cannot be closed satisfactorrly, the 
rnvolved lung or segment of lung should be resected at the time of decortication 
It is preferred that the patient have had no pievious courses of streptomycin 
tieatment which would cause the microorganisms to be drug-iesistant at the 
time of operation Expeiience wuth streptomycin in decortication and in other 
surgical pioceduies indicates that local activation of the disease and spread to 
othei pai ts of the lungs is apt to occur if streptomj^cm is not used or if strepto- 
mj'^cin has been given previously 

Etiology 

Pneumothoiax, either induced or spontaneous, w^as the precursor of the tuber- 
culous pleuritis in all but one of oui cases (table 1) The exception was a case of 
spontaneous empyema classified as tubeiculous bj'’ histoiy, but not proved In 
5 of the 15 patients, pneumonolysis had been pei formed subsequent to pneumo- 
thorax and the sequence of events indicates that the complication of fixed ab- 
normal space wuth thickened membrane and pleural effusion was a result of the 
pneumonolysis 

Pathology 

In the veiy earliest stage of development of the pleural membrane there is an 
opacification of the pleura w ithout gross evidence of a membrane Microscopic 
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exutuuiiUion of ihc pleuui »\t this stage shows .i tliin hhiiiio-hliious mombrine 
mocioiateh mhltiatcd witli loukoi ^ tes am) Insliinitos iml iichh tasciil mzed 
J Jus IS i KMOisiliio ph ISO m ulndi io-o\pinsion can pioiiihlv bo obtuned In 
notisiiifjK il mo Ills (Obsoi \ atuui based on sjioiimon obt iiiiod fiom i pnciiino- 
tlioiav laso at tho limo of loboi toim ) 

i iio next s| igo of piogiossion is lopiosontcd b\ i giossK locogmziblo nicm- 
bi 1110 with the \ is(oi d poition 2 ot ‘i inm in tiiickncss md tlic piiiot d poition 



Fic 1 & L (Case 12) Xonsuppuiating mcml)i inous sic iemo\cd to oblitoi ifc abnoi 
m il spice md pei nnt i e-c\p insion of lung 

vaiying fiom 3 to 7 oi S mm m thickness (figuie 1) The membiane his a hyal- 
mized fibious middle layei and maikedly lasculai attached and peiipheial 
la 3 'eis Tj'pical tubeiculous lesions aie usualkv evident in all of the lajeis The 
fluid in the pleuial space is cleai oi modeiateh^ tuibid, md maj be positne foi 
il/ tiihercidosis The pleuial endothelial laj'ei miy still be lecognized In this 
stage the piocess ma 3 >- be consideied iiiexeisible if nonsiiigical means fail to 
pioduce le-expansion of the lung aftei a tiial of seveial months 
The flank empyema piesents a gieatly thickened and loughened pleuial mem- 
biane w ith puiulent fluid w ithm the sac (figuies 2 and 3) Usuallj’’ all a estiges of 
the endothelial la 3 'ei aie lost, and the Abiotic piocess extends into the substance 
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of (ho plcuri 'ind o\ on into (he hin<>; The niicklle hv ihni/ed layei may show an}" 
01 dl stauo'^ of inflamindion uid doficnci Uum, fiom aicas of loc dized acute ab- 
>{e^'-e^ (o lUMs of (ahihoation Tubeiculous legions may be picsent with oi 
widioiU ca«ei(ion The iibs diow degeneiilne clianges md tend to assume a 
tiiminilu foim m iios-, '-ection 



Fig 2 11 P (Case 0) '\Ioclci dch se\tic (ul)crculous omp\cmi INotc “loughened” 
lining in contrast to smooth lining in figuic 1 lliickciied pciiiihenl ring marks the junction 
of the visceral and p metal portions of the mcnibiaiie 

In addition to the alteiations of the pleina, the undei lying lung may be folded 
into bizaiie patterns, with aie is of atelectasis piesumably lesulting fiom the dis- 
toition induced by the constiicting membiane These hndings aie emphasized 
because it is thought by some that the lestiiction of the lung induced by the 
membiane is a fayorable situation even though the abnoimal pleuial space is 
undesiiable In seveial of oui cases laige segments of folded lung haye been ob- 
&er\"ed, with atelectasis distal to the lesultant bionchial obstiuction 

RESULTS 

Fifteen opeiations of decoi tication haie been peifoiTned on patients in whom 
active tubeiculosis of the lung had been diagnosed at some peiiod during the 
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1 II 116 SS and in wliom a thickened meinbrane had existed foi periods ranging fioin 
seveial months to more than tnentj^ 3'-eais At piesent eighteen months have 
elapsed since the fiist opeiation and foui months since the latest opeiation 
Theie have been no deaths and the abnoimal space has been obhteiated m all 



Fig 3 a R (Cisc 15) Old empj cma sac of more tinn 20 j e ire’ duration A’cte shaggv 
lining Sharp dissection lequired for most of its sepaiation fi om the lung 

TABLE 2 


Unsuccessful Therapy for Oblttcralwn of Space before Decortication 


Abandonment of pneumotliorav nitii or nithout aspiration ^ 

I 9 cases 

Streptom} cm mtrapleurallj 

, 1 case 

(0 2 Gra 3 times n eekly oa ei S6 daj period) 


Thoracoplastj (resulted in draining sinus) 

1 COSO 

Pliienic paraljsis ' 

3 cases 


except one of the cases The single failuie is in a patient w ho had been pie\ loush 
tieated vith stieptom5Tm In tno instances, thoi acoplast}' vas added to com- 
plete the obliteiation of the space These ireie cases of hank erapj'ema 
Obhteiation of the abnoimal pleuial space had been attempted in all of the 
cases pnoi to peifoiming the decoi tication (table 2 ) Xine of the 15 patients had 
been treated bj" abandonment of the pneumothorax nith 01 nithout aspiration 
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of fluid One patient uas tieated with aspirations followed by intrapleuial in- 
jections of 0 2 Gm of stieptomj'-cin thiee times a week for eighty-si\ days A 
thoracoplasty with the lemoval of a majoi portion of eleven iibs not only failed 
to obliterate the emp5mma in one of this senes, but lesulted in a draining tu- 
berculous sinus Avhich did not heal until the emp3'’ema sac v^as removed by 
decortication (case 8) 

Five of the cases in the senes iveie classified as frank tubeiculous empyemas 
and 3 veie classified as empyemas complicating pulmonary tuberculosis with 
no histologic 01 bacteriologic cAudence of actiA'e tuberculous infection at the time 
of decoitication (table 3 ) The empyemas have been eradicated in all except the 
patient aaIio had receiA'^ed a pieAuoiis couise of stieptom5’’cin therapj'' In 2 of 
the cases, stationai 3 '- actiA'^e disease AA^as piesent in the contralateral lung at the 
time of decoitication In neither case has an3'’ cAudence appeared of spread of the 
pulmonai3'’ tuberculosis folloAAung suigei3’’ In 2 of the empyema cases, thoraco- 
plasty AA'as peifoimed to complete the obliteration of the space (table 4 ) This 
AAas done at the time of decortication in one case, and thiee AA'^eeks aftei decoitica- 
tion in the other In one patient, phienic paiatysis AA'as performed one Aieek 


TABLE 3 

Types of Cases Decorhcaled 


Unexpanded lung wuth cleai fluid 

7 cases 

Undiamed empyema 

7 cases 

Di aimng empj'ema 

1 case 

1 


11 of the membianes showed histologic evidence of tubeiculosis 


aftei decoitication to obliterate a small peisistent space Thoracoplasty Avas 
peifoimed to compiess iindei lying pulmonar}'- lesions m 2 cases In one instance, 
thoiacoplasty has been advised to compiess a pulmonai3’- lesion but has not yet 
been accepted b3'^ the patient 

SeA'^en cases Aveie classified as unexpanded lung AVithoiit eAudence of suppura- 
tion All of these had been treated by medical means foi at least thiee months 
in an attempt to obliterate the space In one instance the decoitication was pei- 
foimed to arrest extreme mediastinal shift and OA’^erexpansion of the contra- 
lateral lung Eradication of the space Avith complete re-expansion of the lung 
has been obtained in all of these cases AVithout the addition of othei surgical 
procedures 

Measuiements of piilmonai 3’’ function before and after decortication haA’’e been 
made b3'^ indirect methods aaIucIi reflect the degree of altered function Vital 
capacitA^, breath-holding time, and inspiiatoiy and expiiatoi3>' films indicate 
that an appreciable increase in function has been obtained In general, the total 
pulmonar3'^ function is decreased in the first month but is increased OA'^er the pre- 
operative level after three months (table 5) 

Swgical Procedure 

Ihe picpaiation foi suigeiy and the opeiative technique used in these cases has been 
previoush discussed bi us (6, 7) and only a brief desciiption will be given here Strepto- 
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Fig 4 F S (CaseS) This senes illustrates i c ise in which thoi acopHstj not only failed 
to obhteiate the tubeiculous empi cma, but lesuUcd m a tuberculous sinus of the thoracic 
wall Subsequent decortication undci sticptonncin coveiage obliterated the empjema and 
eradicated the sinus 

a (Upper) Befoie thoi acoplastj 

b (Lowei left) After thoi acoplastj and befoic decortic ition 
c (Lowei light) Aftei deeoitication 
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m^cln, 1 0 Gm dailj mti 'imuscularly, is staitcd five to seven dajs befoie opezation, and 
penicillin, 200,000 units daily inti amuseularlj , is staited three da3S before opeiation \t 



Fir 5 W T (CiselS) 

i (Uppei left) Tubciculous tmpiemi bcfoit decoi tic ition 

b (Uppti light) Xino Mteks aftci dccoitit itioii Lung h is c\p uidcd iiid ciiipiom i has 
been oblitci itcd without dofoiniili of Ihoricic \\ ill 

Fig G I S (Ciscll) 
i (Low Cl left) Bofoic dccoi tic itioii 

b (Lowei light) Foui weeks iftci dccoi tic ilioii llioi icoplisti jki fount d three weeks 
iftci elctoi tic ition to eompicss \ left ipic il pulmon ir\ lision 

the pi eseiit time i closed s\stcm of t thei incstlusi i is ii«i tl w ith in t iidoii it In il e it In lei 
Hu pitieiit IS pi lectl in a m ii supine position with the iffeeftd sidt shghtle tU\ ittd to 
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peraut extension of the thoracic incision to the posterior nxilhi} line An intercostal inci 
Sion IS made, preferabh m the fifth interspace, and c\posure is obtained ba means of a Pino- 
chietto rib spreader Xo ribs are removed oi divided The membrane is separated from the 
costal v all and visceral surfaces, and also from the diaphragmatic surface if a cleav age plane 
IS readil 3 '' developed The membiane is prefeiabh removed in one piece as this facilitates 
the maintenance of the cleavage plane and thus minimizes trauma to the lung Drainage 

TABLE i 

Additional Surgerij folloicing Decortication 

Thoracoplastj 

To complete obliteiation of abnoimal space 
To compress underlj ing pulmonai \ lesions 
Phrenic p3ral3Sis 

To complete obliteration of abnormal space 


TABLE 5 



catheters are inserted antenorh and postcrolateralh through separate stab iiounds before 
closing the surgical incision, and these arc later connected with a mild suction apparatus 
The tubes are removed within several da 3 S following operation 

Surgical Complications 

In one instance several bundled cubic centimeters of fluid containing 1/ tu- 
berculosis were evacuated spontaneouslv thiough the suigical wound one montli 
after decortication This patient had received a course of streptomvem therapv 
pnot to consideiation of decortication, and it is probable that his organisms 
were resistant to streptom 3 cm at the time of surgei^ The sinus, which formed 
at the site of evacuation of the fluid, became closed m si\ weeks Tlioracoplastv 
has been adv ised to complete the obiteration of the persistent pleural space, but 


2 cases 
2 cases 

1 case 
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has not yet been accepted The patient is classified as a failure at the tune of the 
preparation of this report, but it is too early to predict the final result It is 
significant that this was the only case m which a course of streptomycm therapy 
had been given some time prior to surgery 

The only serious surgical complication was in a patient whose empyema had 
existed for more than twenty years In this case a portion of the diaphragm was 
removed with the membrane, due to obscuration of the field by excessive bleed- 
mg He now has a moderate herniation of the stomach mto the thorax, but his 
recoveiy has been uneventful otheruuse He has no symptoms referable to the 
herniation This experience has made us realize the danger of decorticating the 
diaphragm in long standmg cases of frank empyema, and we would advise 
against the removal of this portion of the membrane if separation cannot be 
obtained easily by blunt dissection 

There have been three mstances of fracture of a rib due to pressure of the re- 
tractor blades In none of these mstances did the patient complam of intercostal 
pain following surgery 

One case with postoperative leakage of air from the pulmonary surface re- 
quired reopening of the surgical woun'^ nine days after decortication because of 
failure of the lung to expand At reoperation the leak was sealed with “fibrm 
foam” held m place with fine cotton sutures Following this the patient made a 
very satisfactory recoveiy with complete obliteration of the pleural space This 
case was described m an earlier report (6) 

CASE REPORTS 

The first 7 of the 15 cases compnsing this study have been reported in earlier 
articles (6, 7) 

Case S F S , male, age 25, was diagnosed pulmonary tuberculosis, far advanced, left, in 
January 1946 Pneumothorax, left, was started at that time and was discontinued in March 
1946 Turbid green fluid nas aspirated on several occasions between July 12 and August 16, 

1946 

On admission to Birmingham Veterans Administration Hospital he showed a left hydro- 
pneumothorax, n ith adhesions between the apex of the lung and the thoracic nail and with 
several cavities in the left upper lobe The fluid was positi\ e for Jf lubercuhsts Anclc\en- 
nb thoracoplasty nas performed in four stages between August and November, 1946 The 
patient left the hospital in Februarj 1947 against medical adv ice He returned in September 

1947 because of a draining sinus in the loner part of the thoracic wall which communicated 
with a tuberculous pleural empj ema Bronchoscopy at this time showed no evidence of 
bronchial obstruction Decortication was decided on, and the patient ms prepared for 
surgery The preoperative preparation included the administration of streptomycin, I 0 
Gm daily intramuscularly, beginning October 31, 1947 

Operation nas performed on November 13, 1947 A lateral thoracic incision nas made 
over the tenth rib and a portion of necrotic rib nas removed The pleural empyema space, 
which extended from the diaphragm upward for 8 cm , was resected except for a small area 
near the apex A catheter dram nas placed through a separate stab wound and nas con- 
nected with a suction apparatus One Gm of streptomycin and 200,000 units of penicillin 
were dissolved in distilled water and instilled into the pleural space The thoracic wall inci- 
sion was closed in layers with interrupted coFon sutures 
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The surgical %\ound healed primarily Penicillin tlierapj was discontinued four days 
after operation and streptomycin therapy was discontinued sixty days after operation 
Phrenic nerve crush was performed November 21, nine days after operation, because of a 
questionable pleural space Planigrams made subsequently showed complete obliteration 
of the space M luhcrcnlosis could not be demonstrated in the fluid at the time of operation, 
but microscopic examination of sections of the membrane showed typical tubercles with 
caseation and epithelioid cells The patient left the hospital against medical advice three 
and one-half months after decortication At that time the sputum was “converted” and 
there was no evidence of residual empyema Indirect reports indicate that his course has 
been favorable up to the present time (figure 4) 

Comment This patient is an example of chronic tuberculous empyema in which 
extensive thoracoplasty failed to obliterate the space and resulted in a draining 
sinus through the thoracic wall 

In the light of expenence, the phrenic paralysis which was mduced nme days 
after operation was probably unnecessary and we do not recommend it as a 
routme procedure following decortication 

Case SUP, male, age 26, was diagnosed as having pulmonary tuberculosis in August 

1947 The disease was unilateral with cavitation m the left apex Pneumothorax was started 
November 21, 1947 and apical pncumonolysis was performed in February 1948 Fluid, which 
developed following severance of adhesions, was positive for M tubercuhsts The pneumo- 
thorax was abandoned August 4, 1948 because of persistent fluid and formation of a pleural 
membrane His last sputum culture positive for M tuberculosis was obtained on March 29, 

1948 Roontgenographic examination on July 9, 1948 show ed a cavity m the left apical re- 
gion, mediastinal shift to the left, narrowing of the interspaces, thickening of the pleura, 
and fluid in the pleural space 

Decortication was performed August 13, 1948 after one week of streptomycin, 1 0 Gm 
daily intramuscularly The parietal membrane, 0 5 to 1 0 cm in thickness, was separated 
by finger and gauze dissection The visceral membrane, 0 3 cm in thickness, was separated 
by blunt and sharp dissection except for a small adherent patch which was left on the lin- 
gula The membranous sac had a capacity of approximately 700 cc and presented a granular 
inner surface (figure 2) It showed typical tubercles histologically Drainage tubes were 
inserted in the usual manner 

His postoperative course was uneventful The tubes were removed on the fourth day 
The lung has remained fully expanded since then Streptomycin was continued for a full 
forty -two day course because at the time of surgery nodes which were possibly the site of 
active tuberculosis were palpated in the lung 

The vital capacity, which was 2,300 cc before operation, was 2,700 cc one month after 
operation and 3,200 cc six months later 

Case 10 W L , male, age 48, was diagnosed as having pulmonary tuberculosis in 1926 A 
right pneumothorax was started that year and was continued for seven and one-half years 
A pleural effusion which developed was aspmated at various times in the following years 
His last sputum positive for M tuberculosis was obtained in 1938 

Shortly after his admission to this hospital, 175 cc of turbid purulent fluid were aspirated 
from the right pleural space At this time his chief symptoms were weakness and fatigue 
There was no evidence of active pulmonary tuberculosis Roentgenographio examination 
showed opacification limited to the lateral half of the right thorax 

Streptomycin, 1 0 Gm daily intramuscularly, w'as started one week before decortication 
At surgery the ribs were overlapped, thickened, and markedly degenerated Two ribs were 
fractured by the rib spreader in exposing the pleura The membrane was separated fay blunt 
and sharp dissection from the parietal and visceral surfaces, not including the diaphrag- 
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matic surface The membrane measured up to 2 0 cm in thickness in some areas Very little 
expansion of the lung was obtained and portions of four ribs were resected to complete the 
obliteration of the space Postoperative recovery ivas uneventful The space remains oblit- 
erated Bc\ eral montlis after operation 

Cultures and histologic examination of the membrane ■nere negative for tuberculosis 
It was markedly hj alimzcd throughout and was calcified in manj' areas The vital capacity 
which was 2,100 cc before operation had dropped to 1,600 cc one month after operation 
The breath-holding time remained constant Further determinations of function have not 
j ct been made 

Coinvicnt This empyema is representative of the type which may persist for 
3'’ears v ith onlj’’ mild general sjTnptoms but which is a contmumg source of sys- 
temic infection At the time the patient was seen by us, thoracoplasty would not 
have obliterated the hard-shelled space and a Schede operation would have been 
the onlj' alternative surgical procedure 

Case II J S , male, age 25, was first found to have pulmonary tuberculosis in June 1945 
A left pneumothorax was induced in July 1945 because of an apical cavity Pneumonolysis, 
performed October 10, 1945, resulted in a persistent pleural fluid accumulation Temporary 
phrenic paraljsis was induced November 5, 1946 The pneumothorax was abandoned July 
6, 194S because of thickening of the pleura which probably had its inception in December 
1945 Bronchoscopy at this time showed no evidence of bronchial occlusion 

A left pleural decortication was performed August 25, 1948 after the usual preparation, 
including streptomj'Cin intramuscularly A thick-w ailed empyema sac of 700 cc capacity 
and containing fibrino-purulent material was removed, mostly by gauze and finger dissec- 
tion Some sharp dissection w as required ov er the pulmonary surface and several pulmonary 
air leaks were sealed wuth “fibrin foam ” The distal half of the lingula was amputated be- 
cause of a large soft caseated abscess in its tip 

The postoperative course was wnthout complications A left four-rib thoracoplasty was 
performed three weeks later to compress an apical lesion (figure 6) 

The vital capacity and breath-holding time, which were 3,200 cc and 32 seconds, respec- 
tively, before operation, were 2,300 cc and 28 seconds one month after operation Later 
determinations have not 3 'et been made 

A full fortj’’-two daj’' course of streptomycin was given to this patient 

Case IS G E , male, age 26, was found to have left subapical tuberculosis in December 
1945 Left pneumothorax was started in April 1946 and continued for two years 

At the time of admission to Birmingham Veterans Administration Hospital there was 
thickening of the pleura with fixation of the lung, fluid, mediastinal shifting to the afifected 
side, and narrowung of the intercostal spaces Bronchoscopy show'ed evidence of tracheal 
shift 

Decortication w as performed September 10, following the usual preliminary examination 
and preparation Separation of the total membrane was accomplished without difficulty 
The membranous sac had a capacity of about 800 cc (figure 1) A caseous area was uncovered 
]ust below the apex Its contents were evacuated and the space filled with “fibrin foam” 
to seal an air leak 

The postoperative course was without untoward incident Streptomycin was continued 
to complete a forty-two day course of 1 0 Gm daily intramuscularly 

The vital capacity and breath-holding time, which were 2,800 cc and 30 seconds before 
operation, were 3,500 cc and 55 seconds six months after operation 

Case IS W T , male, age 28, was found to have far advanced pulmonary tuberculosis on 
the left in April 1947 Pneumothorax was started in May 1947 Fluid formed in April 1948 
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and napirnijons of fluid were performed nt intcrvah of a few months The pneumothorax 
wns abandoned in September 191S because of increaninR fluid lie entered this hospital a 
few w cckfi later w ith c% idcncc of tine! ened pleural membrane, fixed lung, and shift of the 
mediastinum to tlie affected side A moderate Indropncumothorax was present Broncho 
Bcopj was ncRntue except for c\ idence of a shift of the trachea to the left 

A left decortication was performed Janunrj 5, 1010 after one week of streptomjem tlier 
npj Separation of the sac in one piece was accomplished without difllcultj The sac was 
lined w itli a slinpRj fibnno purulent membrane and had a capacitj of about 500 cc 

The postopcratix e course was wiUiout complications Streptomycin, 1 0 Gra intramus- 
cularly daily , was continued to complete a forty two day course of treatment of the pul- 
monary disease 

Tlic Mtal capacity and breath lioldinR time, which were 3,500 cc and 35 seconds before 
surpery , monsiircd 3,000 cc and 40 seconds one month after surgery Subsequent measure- 
ments ha\c not yet been made 

Case 14 L B , male, age 3S, was found to have far ad\ anced, bilateral, severe pulmonary 
tuberculosis in October 1015 A right pneumothorax was started in January' lOtG and was 
discontinued at the time of admission to Birmingham Veterans Administration Hospital 
in September 191S because of a mixed pleural infection At this time there was almost com- 
plete obscuration of the right lung and evidence of exudative disease in the left midlung 
field Tiic sputum was positive for ilf tuberculosis Bronchoscopy revealed a moderate hy- 
peremia of the left upper lobe bronchus and a shifting of the trachea to the right 

The patient had recciv’od a forty -two day course of streptomycin treatment beginning 
November 22 and ending December 2, 191S This included I 0 Gm daily intramuscularly' 
and 0 2 Gm intrapleurallv three times a week The left pulmonary lesion regressed under 
this therapy, but the condition of the right pleural empy cma remained unchanged 

Decortication was performed January 6, 1049 after resuming streptomycin therapy one 
week earlier The membrane was removed as an intact shell Sharp dissection was required 
over most of the pulmonary and diaphragmatic surfaces The empyema sac contained a 
greenish gray fibnno-purulent exudate The lung was fully expanded at the time of closure 
of the surgical w ound 

There was evidence of a pleural effusion one week after operation, but it could not be 
located w’lth an aspiration needle One month after surgery sev oral hundred cubic centi- 
meters of clear fluid were evacuated spontaneously tlirough the surgical wound The fluid 
was postive for Hf tuberculosis by culture The sinus formed by' the escaping fluid became 
closed six w ceks later How ever, the space occupied by the fluid has not been obliterated 
Thoracoplasty has been adv iscd, but the patient has left the hospital to attend to personal 
problems not directly related to his illness This was against the advice of his physicians 

Comment This patient must be counted as a failure at the tune of this report 
How'ever, if thoracoplasty is performed in the near future, obliteration of the 
space may yet be accomplished 

This case presents indirect evidence of the hazard of perfornung decortication 
if the patient has had a previous course of streptomycm therapy with probable 
resultmg loss of therapeutic effect on the microorganisms 

Case }B A B , male, age 51, was first discovered to have tuberculosis in 1918 The basis for 
the diagnosis is not known to us He was given bed rest therapy from 1918 to 1920 During 
that period he developed a left pleural effusion which was aspirated on numerous occa- 
sions for several years He experienced moderate dyspnea and weakness in the years follow- 
ing, hut was able to carry on regular activities 

In October 1947 the symptoms of dyspnea and weakness became pronounced Repeated 
aspirations of the left pleural space showed a turbid fluid, negative for M tuberculosis and 
other pyogenic organisms 
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lie wxs ndmittcd to Birminphim Veterans Administration Hospital October 16, lOlS 
Examination revealed a fixed left luni; with grcatlj thickened pleural membrane and turbid 
fluid in the left pleural space There w as an extreme narrow ing of the intercostal spaces and 
the mediastinum was displaced to the afTccted side A diagnosis of chronic empjema was 
made, with probable spontaneous onset some timewatlnn several j cars following the j car 
191S 

Ina'smuch as the pjothorax was increasing in severitj , ns indicated by the inerease in 
the severitv of sjmptoms and the phjsical signs, decortication was decided upon 

Strcptomjcin, 1 0 Gm dailj intramuscularly, was started January 22, 1919 Penicillin, 
300,000 units dailj, was started Januarj 21 

Decortication w ns performed Janunrv 26 An incision w as made in the left fifth interspace 
from the parasternal line to the posterior axillar 3 line Removal of the membrane from the 
costal surface w as performed bj blunt dissection, but against much greater resistance than 
in prev 10U3 cases Separation of the membrane from tlic pleural surface w as almost entirely 
bj sharp dissection Although large areas of pulmonarj parenchyma were exposed, air 
leakage was minimal and had practicallj subsided at the time of completion of the opera- 
tion In separating the membrane from the diaphragmatic surface, an area of several square 
centimeters of the membranous portion of the left hemidiaphragm was rcmov'cd with the 
empj ema sac This w ns due to firm fibrotic adherence of the membrane to the diaphragm 
and to obscuration of the field bj bleeding which was more than that usually encountered 
Because this operation was associated with excessive trauma and bleeding and had con- 
sumed more time than previous operations, it was decided not to attempt closure of the 
defect in the diaphragm Pour liters of blood were given intravenously during the decorti- 
cation The lung had not fullj expanded to fill the pleural space at the end of the operation, 
because of pulmonarj fibrosis 

The patient’s course was verj satisfactorj' following surgerj’, notw itlistanding a moder- 
ate herniation of the stomach into the pleural space The pleural space was reduced to a 
pocket of several cubic centimeters at the time of preparation of this report Postoperative 
determinations of the vital capaeitj' and breath holding time have not jet been made 

Comment It is assumed that this long standing chronic empyema was of 
tuberculous origin, probably the result of a spontaneous tuberculous pleural 
effusion Tins case is an example of acute exacerbation of mflammation m an 
empyema that had been dormant for many years 

The difSculty encountered m separating the membrane from the diaphragm 
has made us waiy of attempting to include this portion of the membrane m the 
decortication m cases m which there is firm fibrotic adherence between the mem- 
brane and the diaphragm 

SUMMARY 

Fifteen patients wuth une-xpandable lung and persistent pleural space follow^mg 
unsuccessful pneumothorax have been treated by total or almost total decortica- 
tion of the pleural membrane The cases include various degrees of thickened 
pleural membrane, from simple thickening with clear fluid accumulation to frank 
drammg empyema 

There have been no deaths, and the few surgical complications have not inter- 
fered with eradication of the abnormal pleural space 

In 2 cases with frank empyema, the lung did not expand completely and it was 
necessary to add limited thoracoplasty to accomplish obliteration of the space 
In 2 others, thoracoplasty was added to compress underlymg pulmonary lesions 
In another, the only case which may be considered a possible failure, thoraco- 
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plasty has been advised to complete the obliteration of a persistent space but 
has not yet been accepted by the patient 
Indirect measurements indicate that there is an immediate postoperative 
decrease in total pulmonary function, -mth an appreciable mcrease m function 
after several months In most of the cases, the eventual function is beyond that 
estimated immediately before operation 
Streptomycin, 1 0 Gm daily, was used during the surgical period, beginmng 
several days before operation and continuing for two to five weeks after opera- 
tion, dependmg upon the degree of pulmonary pathology In the only case in 
which a course of streptomycm therapy had been given prior to decortication, a 
pleural effusion contaming M tuberculosis developed one month after decortica- 
tion This IS the possible failure mentioned above 
Decortication is performed more easily and with less danger of surgical com- 
plications m those cases which have not reached the stage of frank empyema 
For this reason we believe that the operation should be performed as soon as it 
IS decided that medical treatment will not satisfactorily obliterate the abnormal 
pleural space 

It IS now more than eighteen months smce our first operations were performed 
There has been no evidence of spread of pulmonary tuberculosis and there has 
been only one case m which tuberculosis of the pleura nas possibl}’" activated by 
the decortication, the case m which streptomycin therapy had been given previ- 
ously with probable loss of sensitivity 

StlMARIO 

La Decoriicacion Pleural en la Tuberculosis Puhnonar 

A 15 enfermos con pulmones mevpansibles y persistente espacio pleural a 
continuacidn de un neumotdrax fracasado, se les tratd con la decorticacidn total 
o casi total de la membrana pleural Los casos comprenden varioa grados de 
espesamiento de la membrana pleural, variando de mero espesamiento con 
acumulacidn de liquido didfano a franco empiema supurante 
No ha habido mortalidad, y las pocas complicaciones quururgicas no han vedado 
la erradicacidn del espacio pleural andmalo 

En 2 casos con empiema declarado, el pulmdn no se expandid completamente y 
fu6 necesano agregar una toracoplastia limitada para conseguir la obliteracidn 
del espacio En otros 2, se agregd la toracoplastia para compnmir lesiones puhno- 
nares subyacentes En otro caso, el finico que puede considerarse como posible 
fracaso, se ha aconsejado la toracoplastia para completar la obliteracidn de un 
espacio persistente, pero el enfermo no la ha aceptado 
Mediciones mdirectas mdican que se presenta una dismmucidn postoperatona 
mmediata de la funcidn pulmonar total, con aumento apreciable al cabo de varios 
meses En la mayor parte de los casos, la funcidn definitiva es superior a la 
estimada antes de la operacidn 

Durante el perlodo quirdrgico, se empled estreptomicma, 1 0 gm diario, 
comenzando varios dias antes de la mtervencion y contmuando hasta dos a cinco 
semanas despu^s, de acuerdo con la patologla pulmonar presente En el linico 
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caso en que se habia dado una sene de estreptomicinoterapia antes de la decortica- 
cidn, se presentd un den-ame pleural que contenla M tuberculosis, un mes 
despuds de la decorticacidn Este es el posible fracaso mencionado mds arnba 
La decorticacidn se ejecuta con mayor facilidad y menos peligro de complica- 
ciones quirdrgicas en los casos que no ban llegado a la etapa de empiema decla- 
rado, por cuya razdn debe realizarse apenas se decida que el tratamiento mddico 
no obliterard a satisfaccidn el espacio pleural anormal 
Han transcurrido mds de dieciocho meses desde que se verificaron las pnmeras 
operaciones No ha habido signos de difusidn de la tuberculosis pulmonar y sdlo 
existe un caso en el que la tuberculosis pleural fud posiblemente activada por la 
decorticacidn aqudl en se habia administrado antes estreptomicina con probable 
pdrdida de la sensibilidad 
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Discussion of Paper by Doctors Weinberg and Davis 

Dr Victor H Kaumtz, Mt Moms, N Y 1 should like briefly to present two cases 
which illustrate some of the points made by Doctor Weinberg Artificial pneumothorax is 
designed as a temporary collapse procedure but, unfortunately, at times, it becomes per- 
manent because of the thickened fibrous membrane formed over the lung, parietal pleura, 
and diaphragm In performing a decortication, the surgeon is attempting to carry out the 
plan the medical man had at the start of treatment, namely, to return the collapsed lung 
to as near normal function as possible Although, as has been mentioned, the amount of 
function restored depends to a large extent upon the amount of disease previously present 
in the lung, it would seem that greater function would be regained if both the diaphragmatic 
and parietal surfaces were decorticated, as veil as the visceral pleural surface 

The first case is that of a 30 year old white male whose tuberculosis was discovered while 
in the service, in April 1945 A left pneumothorax v as begun in May 1945, for cavity in the 
superior segment, left lover lobe A left pneumonolysis vas performed in July 1945 Fluid 
m varying amounts v as present in the left pleural cavity and was alvays negative for acid- 
fast bacilli Sputum was converted, and the pneumothorax vas mamtained for three and 
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a half years Re-expansion was attempted late in 1948, but was unsuccessful The patient 
was dyspneic on moderate physical activity The left chest was motionless on deep inspira- 
tion, as IS as the left diaphragm A left decortication n as done March 10, 1949, with removal 
of the complete fibrous envelope in one piece The postoperative course was uncomplicated, 
and four weeks after operation there is motion of the left chest wall and diaphragm This 
operation was not difficult technically and total blood loss, measured by the weighed sponge 
technique, was 600 cc 

In cases with considerable active tuberculosis still present in the collapsed lung, or with 
stenosis of the main or lobar bronchi, decortication may be combined with resection and 
thoracoplasty This combination of procedures is also applicable to tuberculous empyema 

The second case v as that of a 32 >ear old vhite female who was admitted to the hospital 
in 1937 with left lower lobe cavity Left temporary phrenic, repeated twice, was ineffective 
in producing cavity closure, and pneumothorax v as started in May 1939 Ulceration of the 
left main bronchus v as observed in 1941 This progressed to partial stenosis Pneumothorax 
was maintained, and sputum was intermittently positive for tubercle bacilli Tuberculous 
empj'ema developed in 1945, with fluid remaining positive, and with the lung about 50 per 
cent collapsed, despite repeated aspirations and attempts to re-expand it Because of the 
partial stenosis and the positive sputum, excision of the empyema sac combined with pneu- 
monectomy was decided on as the procedure of choice This was done on February 1, 1949 
Thoracoplasty through the eighth rib was done seven weeks later, to partially obliterate 
the left pleural cavity The wounds healed by primary union, and postoperative courses 
were uncomplicated 



TUBERCULOSIS m NURSES CLINICAL OBSERVATIONS ON ITS 
PATHOGENESIS AS SEEN IN A FIFTEEN YEAR 
FOLLOW-UP OF 745 NURSES^ 2.3 

THEODORE L BADGER and L FRED AYVAZIAN 
(Received for publication July 13, 1948) 

INTRODUCTION 

Dunng the past twenty years various concepts about the course and prognosis 
of tuberculosis in nurses have been presented This study presents the clinical 
aspects of the pathogenesis of tuberculosis as a first or primary infection in nurses, 
whether it occurred m those who entered traimng as reactors or nonreactors to 
tuberculin The report concludes a series of observations by one of the wnters 
(1, 2, 3) on a group of nurses who entered training during the period February 
1932 to February 1943, inclusive 

PLAN OP STUDY 

There is nothing new in the execution of this study except the long duration 
of the follow-up observations The general procedure was similar to that used 
in mvestigations in this country by Amberson and Riggins (4), Shipman and 
Davis (5), Geer (6), and Myers (7), and to the studies m Norway by Heim- 
beck (8) 

All nurses were examined clinically and roentgenographically and were tested 
with Saranac Old Tuberculin on entrance to traimng None with tuberculous 
lesions were admitted to traimng Tuberculm tests and roentgenographic ex- 
aminations of the lungs were carried out at six month mtervals, although a number 
of nurses were unable to follow the routine because of aflfiliations in other hos- 
pitals or the interference of night duty 

All nurses were originally admitted as regular students to traimng school at 
the Boston City Hospital for a three year course There has been no tuberculosis 
section in the hospital itself during the entire period of this study and cases of 
tuberculosis were scattered throughout the medical wards Usually all tuberculous 
patients were segregated on the porches, but in some wards this was not possible 
In 1937 one of the writers (TLB (1)) recorded that there were approxunately 
12,300 hospital days of open pulmonary tuberculosis a year per thousand hospital 
beds, while patients awaited transfer to sanatoriums In the last year of this 

' From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital, and the Department of Medicine, Harvard Medical 
School 

* Presented in part before the Medical Section, as part of the symposium on Research 
and Therapy, at the 44th annual meeting of the National Tuberculosis Association, New 
York, New York, June 17, 1948 

3 This study was made possible through a grant from the Committee on Medical Research 
and Therapy of the American Trudeau Society, medical section of the National Tubercu- 
losis Association 
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study there were approvimately 12,000 hospital days of pulmonary tuberculosis 
m the hospital All nurses, however, had one month of student traimng at the 
Sanatorium Division of Tuberculosis for the City of Boston No stnct “contagious 
techmque” was estabhshed m either the hospital or the sanatorium The nurses 
were instructed m the necessity of frequent hand washing as a most essential 
precaution, in addition to the thin mask and govm that was worn 
Nature of follow-up 

The follow-up study was carried out on a group of nurses whom the war had 
scattered and marriage had taken to distant parts of the country Questionnaires, 
which were the imtial contact, w’ere answ'ered m full by 612 of the 732 nurses 
still living, or 83 5 per cent Roentgenographic examinations of the lungs were 
obtained and reviewed on 300 of the total group, or 40 per cent 
Detailed information, m addition to the questionnaires, was obtained con- 
cerning health and occupation through families, classmates, pnvate physicians. 
Army, Navy, Veterans Admimstration, and the Public Health Service This 
applied especially to those who w’ere uncooperative, and sufficiently accurate 
information was obtained to make us believe that almost ever 3 ’^ case of tuber- 
culosis was unearthed Therefore the over-all figures are based upon the entire 
group of 745 nurses 

There were 71 cases of tuberculosis Detailed information is laclang concerning 
one mdividual wffiose death from tuberculosis was officially reported The roent- 
genograms of two cases w^ere not obtainable for review but descnptions of the 
lesions were available as to location and size 
It is the purpose of tins study to present the clinical data of a long tenn follow- 
up of tuberculosis Discussion of the subjects of so-called “pnmaiy” and “rein- 
fection" disease in young adults will center primarily around the chmcal course, 
treatment, and prognosis of the 71 cases of tuberculosis which developed fol- 
lowung admission to traimng until the close of the obsen’-ation penod No nurse 
IS included m the study wnth an obsen'ation penod of less than five or more 
than fifteen years 


OBSERVATIONS 

Incidence of Tuberculosis 

It IS of interest in the first place that the tuberculin negative and positive re- 
actors were almost equally dmded on admission (table 1) 

Secondly, w^hile somewffiat more tuberculosis appeared in the initial non- 
reactors over the fifteen years, there was no statistically significant difference in 
the total amount of disease appeanng in the tw o groups (table 2) 

Fifty-twD, or 14 per cent, of the non-reactors remained negative throughout 
traimng Therefore, if the total amount of tuberculosis in the imtially positive 
reactors is compared with the amount of disease which appeared in those wffio 
converted from “negative" to a “positive” tuberculin test, there is a noticeably 
higher incidence of tuberculosis in the group which “converted” (table 3) 

The 71 cases of tuberculosis include one case of cemcal lymphatic disease 
proved by biopsy, 66 cases of pulmonary tuberculosis, and 4 cases of pleurisy 
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TABLE 1 

Number and Per Cent Distribution of All Nurses Studied, Classified by Result of Initial 

Tuberculin Test 19SS-1948 


SEStlLT or INITIAL TUBEKCUUN TEST 

ALL NUESE 

Number 

:S STUDIED 

Per cent distribution 

All results 

745 

100 0 

Reactors on entrj 

374 

50 2 

Non-reactors on entry 

362 

48 6 

Result of initial test unknown j 

9 

1 2 


TABLE 2 

Number and Per Cent of Nurses Studied Who Developed Tuberculosis , Classified by Result 

of Initial Tuberculin Test 1932-1948 


RESULT or miTtAL TUBERCULIN TEST 

1 ALL NURSES STUDIED 

Total 

Those who developed tuberculosis 

Number 

Per cent of total 

All results 

745 

71 

9 5 

Reactors on entry 

374 

31 

; 8 3 

Non-reactors on entry 

362 



Result of initial test unknown 

9 

— 

— 


TABLE 3 


Number and Percentage of Initial Non-reactors, among Nurses Studied Who Subsequently 
Developed Tuberculosis, Classified by Status of Reaction throughout the Training Period 

1932-1948 


STATUS OF REACTION THROUGHOUT TRAINING PERIOD 

ALL INITIAL NON REACTORS 

Total 

Those who dd\eIopd tuberculosis 

Number 

Per cent of total 

All groups 

362 

40 

11 0 

Converted to positive 

285 

38 

13 6 

Remained negative throughout 

52 

2» 

3 8 

Status of reaction unknown 

25 

1 “ 

1 


* Developed subsequent to training period after late conversion of tuberculin 


■With effusion witliout demonstrable parenchymal disease Hereinafter the men^ 
tion of tuberculosis in “negative” or “initially negative” reactors implies that 
the “negative” tubercuhn test had turned positive 
Thirdly, there was a closely parallel course in the rates at which tuberculosis 
appeared each year after entrance into traimng in the two groups of tubercuhn 
reactors, expressed m rates per 1,000 observation years (figure 1) 
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Fig 1 Case rates of tuberculosis in initially negative and positive reactors per 1,000 
observation years 



YEARS OF FOLLOW-UP 

Fig 2 Case rates of tuberculosis in negative reactors each j ear follon mg conversion of 
tuberculin compared to their appearance following admission to training 


If the tuberculosis of the negative reactors on admission is analyzed, hoivever, 
and its appearance in years from date of entry is compared ivith its appearance 
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m years following date of “conversion” from tuberculin negative to positive, a 
different picture is presented (figure 2) 

In table 4 may be seen the number and pei cent of new cases occurring each 
year and during each five year period The appearance of new cases in both 
groups of reactors following admission to traimng, as well as appearance in time 
following conversion of tuberculin, aie compared In the initially negative re- 
actors 55 per cent of the tuberculosis appeared within two years after admission 
to tiaimng while 32 per cent of tuberculosis in initially positive reactors appeared 

TABLE 4 


New Cases among Reactors and Non-reactors upon Admission and among Non-reactors after 
Conversion, Classified by Year 1088-1948 


VEAE 

REACTORS TJPOV 
ADUISSION I 

! 1 

NO'T REACTORS UPON 
ADMISSION 

^ON REACTORS AFTER 
CONVERSION 

Number 

P cicent 
distn 
butiou 

Number 

1 

Per cent 
distri 
buUon 

Number 

Per cent 
distri' 
button 

1 to 15 years 

31 

100 0 

40 

100 0 

40 

100 0 

1 to 5 years 

22 

70 9 

36 

90 0 

36 

90 0 

1 year 

5 

16 1 

7 

17 6 

26 

65 0 

2 years 

5 

16 1 

15 

37 5 

7 

17 5 

3 years 

9 

29 0 

9 

22 5 

1 

2 5 

4 years 

2 

6 5 

5 

12 5 

1 

2 5 

6 j ears 

1 

3 2 

— 

— 

1 

2 5 

6 to 10 years 

9 

29 0 

3 

7 5 

3 

7 5 

6 years 

3 

9 7 

1 

2 5 

2 

5 0 

7 years 

2 

6 5 

2 

5 0 

1 

2 5 

8 years 

2 

6 5 

— 

— 

— 

— 

9 years 

2 

6 5 

— 

— 

— 

— 

10 years 

— 

— 

— 

— 

— 

— 

11 to 15 years 

— 

— 

1 

2 5 

1 

2 5 

11 years 

— 

— 

— 

— 

1 

2 5 

12 years 

— 

— 

— 

— 

— 

— 

13 years 

— 

— 

— 

— 


— 

14 years 

— 

— 

1 

2 5 

— 

— 

15 years j 


— 






in the same period These values are to be compared vnth the 85 per cent of 
disease demonstrable in the initially negative two years following the date of 
conversion of iubercuhn to positive 

At the end of the first five year period theie is a close appiovimation in the 
rate of appearance of tuberculosis m all three groups 

Deaths from Tuberculosis 

The 4 who died of tuberculosis were divided between “negative” and “posi- 
tive” reactors In the “negatives” both were far advanced disease when dis- 
covered One (Case 1, appendix) developed her disease three years after com- 
pletion of training, while she was a patient in a psychiatric institution She died 
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four months after the initial diagnosis, nnth rapidly progressive bilateral tuber- 
culosis The other (M H Case 33, appendix) is described below She died eight- 
een months after the acute pneumonic onset of her disease 

In the 2 “positives” who died, one (Case 46, appendix), is knomi to have 
died after finislnng training, according to the records of the Massachusetts 
Department of Public Health and information from her classmates Details of 
onset and course were not obtained 

The other (Case 50, appendix), developed minimal disease at the end of the 
first year of training She received sanatorium care, left against advice, broke 
down again, was readmitted two j’-ears later, agam left against adduce and died 
of massive hemorrhage at home 

The 3 ver 3 '- mterestmg cases of disseminated lupus erjd-hematosus have been 
reported elsewhere (11) 


TABLE 5 

Dealha among Nurses Studied, Classified by Cause of Death 19SS-1948 


CAUSE or DEATH 

TOTAI. DEATHS 

All deaths 

13 

Tuberculosis 

4 

Lupus erj thematosus disseminata 

S 

Accident and suicide 

2 

War casualties 

2 

Staphyloccus septicemia 

1 

Carcinoma 

1 


The Character of Tuberculosis in the Tuberculin Negative and Positive Reactors 

A bnef outhne of all 71 cases of tuberculosis is found in the appendix, and the 
following case histones m more detail are samphngs of only a fewof the similarities 
and differences that existed in the tuberculosis w’hich developed in the two groups 
of tuberculm reactors 


Case Reports 

Progressive minimal disease in an initially negative reactor 

Casel,M H C (Case 8, appendix) The patient was an 18 j ear old, very blond 3 'oung nurse, 
who was admitted to training with a negative tuberculin test in September 1932 In Julj' 
1934, her tuberculin test was first postive, in association with a fever of undertermined origin 
which appeared along with subjective involvement of some of the smaller joints She was 
hospitalized at that time (July 1934) where she remained at bed rest A thorough search for 
the cause of low grade fever was made and it was finallj’^ decided that it was probablj’’ rheu- 
matic in origin The patient was discharged home in December 1934, after five months of 
bed rest, and she returned to duty in January 1935 feeling well A week after starting work, 
she fainted on the ward, was hospitalized again, and was found to have fever (100° F ) 
with some recurrence of joint pain She was transferred to a hospital for rheumatic fever 
Here she was symptom-free for a few weeks, then showed a slowlj'' rising temperature 
Three months after admission she developed cough and sputum A roentgenogram of the 
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chest showed ex-tensive infiltration of the left upper lobe and many tubercle bacilli were 
present in the sputum 

On subsequent review of the roentgenogram, it was noted that in July 1944 a small area 
of infiltration, 10 cm in diameter, was present in the periphery of the left third interspace 
This density had not been seen during her hospital admission Moreover, in January 1935, 
when she returned to work, there was a node m the region of the right hilum which was not 
visible on previous or subsequent films The patient subsequently developed tuberculosis of 
the sacroiliac joint which necessitated confinement in a cast for eighteen months In addi- 
tion, a left artificial pneumothorax was maintained for six years At present a small, 
residual, well-calcified lesion is present in the apex of the left upper lobe The patient is 
living a normal life, with a full-time job 

This girl with a negative tuberculin test initially was found to be tuberculin- 
positive when she developed her first infection with tuberculosis Her mimmal 
lesion progressed to far advanced disease m spite of eight months of bed rest 
Her joint symptoms, her active sacroiliac disease, and her pneumonic spread sug- 
gest a hematogenous spread of her tuberculosis 

Progressive minimal disease in an initially positive reactor 

Case 2, A C H (Case 56, appendix) The patient was a 19 year old girl who was tvbercultn- 
positive and had a normal chest roentgenogram on entrance to the training school She 
developed a 1 5 by 2 0 cm lesion in the right midchest two years after admission to training 
She was entirely symptom-free and no abnormal findings could be elicited on physical 
examination Another roentgenogram one month later showed what was thought to be a 
central highlight On re-examination four days later, however, this abnormality was no 
longer visible and at no time subsequently did it reappear She remained at part-time work 
with extra rest Roentgenograms of the chest were repeated at monthly intervals and the 
size of the lesion steadily diminished and the patient felt well 

In spite of her good progress, nineteen months after the first lesion w'as seen, there 
appeared on routine examination a new 5 5 by 2 5 lesion at the left apex Once again it was 
entirely asymptomatic and without physical signs She was hospitalized and given bed rest 
along w ith left artificial pneumothorax for eleven months The latter w as then abandoned 
as unsatisfactory after two pneumonolyses No further complications occurred Her re- 
covery was uneventful and at present she is well, with both lesions well calcified, and is 
able to work full time 

This case represents reactivation of tuberculosis in a positive reactor The 
course of events is probably veiy similar to the preceding case except for the 
long hiatus of well-being during which she remained on duty, betw^een the ap- 
pearance of the first lesion and the second one on the opposite side 

A healing minimal lesion in an initially negative reactor while on duty 

Case S, M C S (Case 38, appendix) This 18 year old girl entered training in September 
1935, with a negative tuberculin test and a negative roentgenogram of the chest Because of 
a severe streptococcus pharyngitis two months after admission, she stopped training and 
was readmitted in the next class five months later At this time her tuberculin test was 
strongly positive to 0 001 mg of Old Tuberculin Roentgenographic examination of her chest 
revealed a homogenous density 1 by 3 cm in the periphery of the right first interspace She 
refused treatment but was cooperative in her monthlj check-up No further sign of her 
lesion could be seen after five months, but in October 1947 an irregular calcified deposit was 
noted at the site of her early lesion At present she is entirely well and able to manage her 
household, which includes one-year old twins 
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This patient represents -what must have been a “first infection” \nth tuber- 
culosis m one whose resistance was good Her pattern iias parenchymal disease 
mthout demonstrable regional lymphatic enlargement 

The healing of a minimal lesion in an initially iuhcrcidin-posilwe Negro girl while 
on duly 

Case E W P (Case 66 , appendiv) This 19 jear old Negro girl came to training in Sep 
tember 1942, TMth a postitvc tuberculin test and a negative chest roentgenogram Eleven 
months after admission she dei eloped, without sjTnptoms, a ground-glass comet-like 
lesion 1 by 1 5 cm in the right third anterior interspace immediately below the interlobar 
septum, apparently in the right middle lobe Because of the w ar and the shortage of beds 
in both sanatorium and hospital, she remained at work under close monthlj clinical and 
roentgenographic evaminations B 3 October 1946 the lesion was smaller, retracted and 
fibrotio, and by 1948 it apparentlj consisted of small calcium deposits The patient is well 
and w orking full time now 

There is no reason to suppose that this small asymptomatic lesion was other 
than a first infection similar to the preceding case, which became manifest by 
roentgenogram within the first year of entermg training This Negro girl also 
showed extraordinarily good constitutional resistance Her disease consisted of 
a small parenchymal lesion without demonstrable regional lymphatic enlarge- 
ment 

Acute exudative tuberculous lobar pneumonia in an initially negative reactor 

Case 5, M R (Case 33, appendix) This 18 year old girl, who entered training in September 
1935, remained tuberculin-negative through May 1936 On September 5, 1936, she was ad- 
mitted for minor urinary symptoms follow ing a bad cold of a w eek’s duration She had had a 
"stuffy” nose and an unproductive cough, without fever 

Following admission to the hospital she rapidly developed high fever with pneumonic 
consolidation of the entire left upper lobe, over a ten day penod Her sputum became 
positive for acid-fast bacilli and her tuberculin test was positive for the first time Trans- 
ferred to a sanatorium, she was given artificial pneumothorax, did well for about a year, 
then developed another pneumonic spread to the right side with cavitation She died IS 
months after the onset of her disease 

This acute pneumoma lesion appearing three months after a known negative 
tuberculin test must once again represent a first infection wuth tuberculosis in 
an inditudual of high sensitivity to the tubercle bacillus and low bodily resistance 
Acute exudative lobular pneumonia in a iubercidin positive reactor 

Case6,B P C (Case 47, appendix) This 18 year old girl, admitted to training in 1938, was 
tuberculm-posihrc with a negative roentgenogram and a normal physical examination 
Fifteen months after admission in December 1939, she developed a pneumonic lesion in the 
upper third of the right low er lobe and tubercle bacilli were present in the gastric w askings 
Under sanatonum bed rest, she developed a cavity She was given pneumothorax in Febru- 
ary 1940, but the disease spread in March 1941 to the left side In September 1941, she left 
the sanatorium against advice, marned, and did well at home for a y'ear and a half, main- 
taining her right pneumothorax She returned in May 1943 w ith activ e disease A left pneu- 
mothorax was induced and the nght lung was re-expanded In February 1947, the left 
pneumothorax was abandoned because of an obliterative pleuritis Sputum and gastric 
washings have been negative for M iuberculosts by examination and culture since 1944 
The patient’s disease is arrested and she is living a normal life 
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There ould seem to be very little difference betv een this and the preceding 
case Both v ere acute pneumonic lesions, varying only in the anatomical extent 
of lung involvement The first, a pneumonic lesion in a girl tubercuhn-negative 
three months before onset, the second a pneumomc lesion m one tuberculm- 
positn e at entrance Neither presents an}’’ clinical or roentgenographic distinc- 
tions which would classify it as a primary as opposed to a reinfection t 5 ^e of 
tuberculosis From the clinical standpoint, the disease of both patients appar- 
ently represents the same thing, a first infection, or more simply, progressive 
pulmon^rj* tuberculosis 

Pleurisy xm(h effusion xn an initially negative reactor 

Case 7, J F A (Case 3, appendix) This 19 year old girl was admitted to training m Febru- 
ari 1932 She had a negative chest roentgenogram and a ncgaltve tuberculin test which 
turned positive si\ months after admission In February 1933, one year after admission, a 
routine chest roentgenogram revealed a small mottled infiltration one sq cm in size in 
the Ion cr segment of the right upper lobe, associated n ith significant enlargement of the 
regional hilar Ijmph nodes For tn o dal's she had had a very slight pleuntic pain in the 
right mid-axilla without fev er, cough, or loss of n eight She was removed from training 
and sent home on tnenti -two hours’ bed rest a day, which she is said to have observed for 
four months Fiv e months after the appearance of her parencyhmal lesion on the nght she 
had a bad “head cold ” Tn o w ceks later she developed an acute febrile serofibrinous pleurisy 
n ith effusion on the right, for which she received eight months of sanatorium care Shortly 
after discharge she was marned against advice and had three children, without exacerba- 
tion of her tuberculosis Todaj she remains well and has brought up her whole family with- 
out further reactiv'ation of her tuberculosis 

She was the first case of pleunsty wuth effusion defimtely shown to follow m 
the wake of pnmary parenchymal infection after conversion of the tuberculin 
test from negative to positive 

Pleurisy xmth effusion in an initially positive reactor 

Case S, H K (Case 59, appendix) This 18 year old nurse w as adnutted to training in Feb- 
ruary 1942, w ith a positive tuberculin test In April, tw o months after entering traimng, she 
had a slight pleuritic-like pain in the left lower chest, with a negative roentgenogram of 
the chest In May, three months after admission, she had a similar but less severe pain in 
the right lower chest In June, four months after admission, she developed a small infiltra- 
tion in the left infraclavicular area followed in July by a small serous effusion of the right 
chest For this she took three months of sanatorium care, until October 30th She returned 
directly to duty, obviouslj too soon, as she developed acute pleunsy with effusion on the 
left, together with visible enlargement of a left hilar lymph node She received seven more 
months of sanatorium care An accidental pneumothorax accompanied a chest tap on the 
left Following sanatorium treatment, her disease remained arrested until 1947, when a 
tuberculous salpingitis w as surgicall j removed in June of that year At present this patient’s 
lesions are arrested She is married and has no children 

Classification and Treatment 

The lesions which w'e have encountered have for the most part been small 
pulmonary infiltrations 1 by 2 cm in diameter with none larger than 6 by 8 
cm in the minimal group They are classified in table 6 

Bed rest, mboth “sanatorium” care and “home” treatment, mcluded bathroom 
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privileges except for the few who were cared for at the Boston City Hospital 
where absolute bed rest was imposed For the minimal lesion, slx weeks to four- 
teen months of bed rest was instituted for those who needed no collapse therapy 
The average period of bed rest was five and one-half months in both the imtially 
negative and positive tuberculin reactors for mimmal lesions 

TABLE 6 


Cases of Tuberculosis Which Developed among Initial Tuberculin Reactors and Non-reactors 
Studied and Classified by Initial State of Disease 19SS-1948 


STAGE OF DISEASE 

CASES OF TUBESCDLOSXS 
AUOSC 

TOTAX. CASES OF 
TDBEXCDI.OSIS A3IOSG 
NtrXSES STUDIED 

IniUal 

reactors 

Initial non 
reactors 

Number 

Per cent 
distribution 

All stages 

31 

40 

71 

100 0 

Pulmonary 

30 

36 

66 

92 9 

Mimmal 

22 

32 

54 

76 1 

Moderately advanced 

7 

2 

9 

12 7 

Far advanced 

— 

2 

2 

2 8 

Stage of disease unknown 

1 

0 

1 

1 4 

Pleurisy with effusion 

0 

4 

4 

5 6 

Tuberculous adenitis 

1 

— 

1 

1 4 


TABLE 7 

Specific Treatment in 71 Nurses 



INITIAL 

AEACTOES, 

KUUBE& 

INTnAE 

NON 

REACTOttS, 

KUUBER 

TO 

Number 

TAL 

Per cent 

Bed rest onlj 

11 

22 


46 5 

Bed rest plus pneumothora\ 

9 

7 


22 6 

Bed rest plus thoracoplasty 

2 

0 


2 8 

0 P D supervision onlj 

6 

9 

15 

21 1 

0 P D plus rest 

1 

0 

1 

1 4 

0 P D plus pneumothorax 

1 

1 


2 8 

Unknown course 

1 

1 


2 S 

Total 

31 

40 

71 

100 0 


Four to eight months of simply mcreasmg exercise characterized the conva- 
lescence in the uncomplicated cases The classification of "Out-Patient Depart- 
ment supervision” was a routine of regular monthly general physical, roentgeno- 
graphic, and laboratoty examination This group of nurses remained on duty 
and, with the cooperation of the traimng school, was usually permitted a mid- 
day rest, supplements to diet, and relief from night duty as long as was re- 
quested These girls were mdeed “treated” and uere uatched with the utmost 
care 

In table 7 may be seen the specific treatment procedures used in the two 
groups of imtiallj negative and positive reactors 
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Table 7 is sclf-c\plauatorj’ ^Mlh the exception of the cases supervised m the 
Out-Patient Department (0 P D ) A total of 18 were carried on this regimen 
Fifteen received no definitive treatment while they remained at w'ork, except 
regular 0 P D supervision In 3 patients the lesions reactivated One of these 
showed extension of her minimal lesion two years after its discovery and was 
treated with pneumothorax A second (Case 2), 19 months after satisfactory re- 
gression of her small initial lesion, developed an asymptomatic spread to the 
contralateral apex The third, classified as “0 P D supervision,” had an un- 
reported plcurisv and tw eh e months later developed an apical infiltration treated 
with bed rest Another patient (Case 24, appendix) is recorded as having had a 
“reactn ation” but in reality she had a very small asjmiptomatic pleural effusion 
associated w ith a ^ erj' small parenchymal infiltration She w^as allow^ed to re- 
main on dutj w ith careful check-up and her disease has shoivn no reactivation 
in the ten succeeding 3 ears In \ lew of our present regard for tuberculous effusions, 
this girl would not be allowed to remain on duty' wath this lesion today 

It should be made clear at tlus point that all early tuberculous lesions were 
considered potential^' progressive When s3Tiiptoms of activity also accompanied 
the xasible roentgenographic infiltration, however, small, there was no question 
of the need of bed rest treatment A careful, scrupulously detailed history re- 
mains a great necessit}' in these cases Too much emphasis is hkely to be placed 
upon the roentgenographic appearances alone The physical exaimnation of the 
lungs with these small lesions was almost always negative, but the general phys- 
ical examination often revealed defects which were thought to bear an untoward 
effect on the progress of the infection 

Pleurisy with Effusion 

A total of 12 individuals had pleurisy with effusion, but one patient had two 
episodes Nine cases appeared in the initially negative reactors, 3 cases in the 
“positive” reactors Four of those in the initially negative reactor group fol- 
lowed several months after the appearance of a parenchymal lesion (Cases 3, 
15, 59, appendix) Four cases were associated with demonstrable pulmonary dis- 
ease (Cases 24, 25, 48, 67, appendix) Four cases show'ed no roentgenographic 
evidence of parench3Tnal disease (Cases 12, 23, 28, 36, appendix) The thirteenth 
episode (Case 59, appendix), w'as the appearance of a pleural effusion on the 
side contralateral to the oiiginal effusion four months previously In the 4 pa- 
tients w'hose pleurisy wuth effusion followed the appearance of a parenchymal 
lesion, the interval of tune betw'cen the two episodes was seven months in Case 
3, thirty-four months in Case 15, four months in Case 40, and two months in 
Case 59 

This sequence of events of pleural effusion following a minimal parench3Tnal 
lesion with and without visible lymphatic enlargement was seen in mitial reac- 
tors and non-reactors It gives visible proof of at least one pattern which is seen 
in the pathogenesis of pleunsy with effusion Spread from a parenchymal lesion 
to the sensitized pleura may be direct by extension from a subpleural lesion or, as 
seems very likely but less easily proved, by the l3Tiiphatics and the blood stream 
to the sensitized pleura The course of events in Case 3, with the greatly en- 
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larged regional Ijnnph nodes, suggests the hematogenous route as does Case 15 
with the effusion contralateral to the parenchymal disease, and Case 59 with its 
bilateral effusion following the left-sided parenchymal disease It appears in these 
cases that pleurisy with effusion has developed as an expression of a more gen- 
eralized phase of tuberculous infection after primary localization Strictly speak- 
mg, it IS an exacerbation or reactivation of primaiy parenchymal infection A 
true primary complex of Ranlre (10), with lymphatic involvement and spread to 
the pleura by the blood, may occur Since the lung is the most common site of 
primary infection m this country, most cases of pleurisy with effusion must follow 
pulmonary infection It is logical to assume, however, that bacilli from primary 
intestmal disease with its extensive lymphatic involvement may be another 
source of bacilli blood borne to an allergic pleura 

TABLE 8 


End Results of Minimal Tuberculosis 


muniAL TOBEECOTOSIS (54) 

nOTIAll.^ NEGATIVE 
(32) 

INITIALLY POSITIVE 
(22) 

TOTAl. (54) 







A End Results 



H 



B 

Finally arrested 

29 

90 7 



48 


Under treatment 

2 

6 2 



4 


Dead 

0 

0 0 

1 

4 5 

1 

Bel 

Unknown 

1 

3 1 

0 

0 0 

1 


Total 

32 

100 0 

22 

100 0 

54 

100 0 

B Reactivations 


! 





Infiltrates 

6 


7 


13 


Pleural Effusions 

4 


3 


7 


Total 

10 


10 


20 



Thus each of the eight cases of pleurisy with effusion in this senes which fol- 
lowed parenchymal disease, or was associated vath it, is classified according to 
the nature of pulmonary mfiltration The pleural effusion itself is classed as a 
reactivation m each of these 8 individuals Only the 4 cases of pleurisy with 
effusion without any visible parenchymal lesion are classed initially as pleurisy 
vuth effusion Even though it be assumed that the prunary lesion in these 4 cases 
was in the lung and was not detected by the roentgenographic examinations at 
SIX month intervals, or was too small to be seen, the primary infection may have 
been intestinal m ongin 

End Results of Tuberculosis 

The end results of the 71 cases of tuberculosis are shown in tables 8, 9, and 
10 Arrested tuberculosis also includes cases which are apparently healed Un- 
expanded pneumothorax is classed as still “under treatment ” Reactivations in- 
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elude asymptomatic roentgenographically demonstrable spreads of disease as 
\iell as clinically significant “spreads” Only pleurisy with effusion without 
visible lung disease is classed initially as such “Reactivations” apply only to 
those whose lesions have been “arrested” and who developed a new lesion or 
pleurisy with effusion at some subsequent date 
Table S, Section A, piesents the end results of initially minimal tuberculosis 
Eighty-nme per cent of the patients are living a normal life and their disease is 
arrested Of the 5 still under treatment, one is receiving pneumothorax but 
clmically is appaiently arrested The one patient who died left the sanatorium 

TABLE 9 


End Results of Moderate and Far Advaneed and Extrapulmonary Tuberculosis and Pleurisy 

with Effusion 



imTIALtY 

NEGATIVE 

IVITIAIXY 

POSITIVE 

TOTAL 

A Moderately and far advanced (11) 




Finally arrested 

0 

6 

6 

Under treatment 

2 

1 

3 

Dead 

2 

0 

2 

Extrapulmonary (1) (Adenitis) 

0 

1 

1 

Initial classification unknown 

(1)0 

1 (dead) 

1 

B Pleurisy with effusion (4) (no infiltration of 
lung) 




Finally arrested 

4 

0 

4 

Reactivations 

2 

0 

2 

Dead 

0 

0 

0 


4 

0 

4 

C Summary 




Totals of Table 9 

8 

9 

17 

Totals of minimal disease (Table 8) 

32 

22 

54 

Grand total 

40 

31 

71 


against advice and her disease progressed lapidly to fatal hemorrhage Reacti- 
vations, Section B, occurred as parenchjunal disease in 13 patients In one 
individual the reactivation was an incidental finding on roentgenographic ex- 
amination, was arrested at the time, and was not associated vith a history of 
symptoms Of 13 patients with parenchymal reactivations, 3 aie still undei 
treatment, one died of hemorrhage, and 9, or 68 per cent, have arrested lesions 
at present 

Seven cases of pleurisy mth effusion m this group are classed as reactivations 
because they followed or were associated with pulmonary lesions One was a 
pleurisy on the side opposite the pulmonary infiltration and one v as a bilateral 
effusion followed five jmars later by tuberculous salpingitis which was success- 
fully treated suigically 






















aiS IKDOHl AND AWA/iKS 

T«l)lo *), Soitioii A, prp'if'iits th( trid of iiiodcrntoh ond fnr rdvanced 

diM'-ue mid oxfrapiilmonnn dtsfrc Nation I? presents plfuri'-^ with ciluMon 
itlioiit lunp infiltratrc! 'J'ho miinhcrof c'-i’h h presented rather than percentages 
as the totals are j mall Section C summnnrf s the totals in numerical figures onl> 
Table 10 eummnnres the total reactivations of the eeries Two reactivations 
would not have been known c\((pt for a review of rocaitgcnograms made in 
relro-'pect The lc«ions m both of the pitients arc now atTC.ited Of the 10 pa- 
tients with rcictivutions, *1 are under treitnunt, one is deid, nnd II have ar- 
re-sted le'-ions and are married or working nnd living a nomial life 
Thus these throe tables, 8, 0. and 10, again show the similnritv of distribution 
of difccise and end results as seen m the initiallv negative and po'^itnc reactors 

Tvntl 10 


Tola! lUaclttalton tn 7/ Cagf* of TuhercUosf* 



IStTlAU-V 
MCATtVr i 

tvmAUv 
ro m^i: 

' 

TOTAL 

rtx ct T 

Parcnrhvmal Infillrivtc 

«» 

1 

9 

1C 

/VI r 

SjniptomiUic 



14 

10 7 

Asjmptomntic 



O 

*> 

1 ^ 

Pleural I ffusion 

1 

•1 

s 

'll 2 

Total 

' H 

13 

21 

33 7 


* Initial C'ec Distribution 

GO Cases of pulmonnr.v tuberculosis 
1 Ciscs of plcuris% with cfTusion 
1 Cn«e of tuberculous adenitis 

Tiihcrcitlosis Case Hales* 

This relativ cly small group of nurses had a total of 71 cases of tuberculosis, 
but the group was followed for five to fifteen jears Thus the over-all 71 cases of 
tuberculosis with 7,492 observation > cars from 1932 to 1948 give an attack rate 
of 95 per hundred per j car Fifty-six of those 71 lesions required treatment and 
present a rate of 74 per 100 nurses per year 
The 15 verj' small lesions were those 0 P.D supervised cases wluch might 
well hav'c never been recognized but for regular si\ month rocntgenographic e\- 
aminations which rcv'calcd their presence and their uneventful regression There 
IS little doubt that the rocntgenographic visualization of the lesion alone is de- 
ceptnm as it may hav'e little or no clinical sigmficance Ver}’’ careful and frequent 
observation is necessary to establish the character of these small lesions 
Forty-five new treated lesions occurred during training in the /45 nurses wath 
a case rate of 2 0 per hundred per year Eleven treated cases occurred m the 
nurses after graduation, mth a rate of 0 20 cases per hundred per year Each 
group IS based on its respectiv'e total observation years 

* Statistical data and rates were reviewed by Miss Jane Worcester, Assistant Professor 
of Bio statistics, Harvard School of Public Health 
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These figures aie computed on the basis of those 745 nurses who comprise 
the follow-up study 

A total of 1,203 nurses, however, was admitted to the Training School, of 
whom 45S resigned for failure m studies or nontuberculous illness These totaled 
493 additional observation years Fifty-si\ nurses w'ho developed new tuber- 
culous lesions requiring treatment were dropped statistically from observation 
at the time their disease developed These totaled 356 observation j'^eais Thus 
the corrected total observation j’^ears for all nurses admitted to training, minus 
those removed from training or observ^ation for all causes, is 7,629 The overall 
rate for all 71 lesions is 93 per 100 nurses per year For the 56 nurses needing 
specific treatment the rate is 73 per hundred per year 

DISCUSSION 

The tncidencc of iuhcrculosis in initially “negative'' and “positive" reactors to 
tuberculin This horizontal study of tuberculosis m nurses reemphasizes certain 
concepts concerning the pathogenesis of the disease w'hich formed the basis of 
an earlier report on this same group of nurses by one of the WTiters (TLB) 
(2) At that time there appeared to be few or no clinical and roentgenographic 
features to distinguish the tuberculosis which developed, whether it occurred in 
reactors or non-reactors to tuberculin on admission to training Clinically the 
same type of tuberculosis was obseiw’^ed in both groups of individuals The factor 
that seemed most important in determining the pattern of disease and the course 
m infection w'as the indnudual’s inherent constitutional resistance to tuberculosis 
or her lack of it This longer fifteen year follow-up report substantiates those 
earlier observations and helps to clarify our own w'avering conceptions of the 
pathogenesis of this disease 

The close parallelism of incidence of tuberculosis in “negative” and “positive” 
reactors m our nurses does not seem remarkable, although at variance with some 
other reports It is to be expected that different results will be obtained in dif- 
ferent hospitals, and among different age groups, and in other countries Racial 
as well as individual and environment factors wull influence the findings 
Shipman and Davis (5) found that most of their nurses who developed clinical 
tuberculosis during tiainmg were tubercuhn-positive on entrance Pollack and 
Cohen (12) also found a closely similar rate of tuberculosis in both negative 
and positive reactors, as did Israel and Long (13) On the other hand, Geer (6), 
Heimbeck (14, 15), Amberson and Riggins (16), and Rist (17) show far more 
tuberculosis in the initially negative reactors 

These results are outlined as extracted from the Prophit Survey (18) m Eng- 
land The sequence has been rearranged by the present writers 

One of the present winters (T L B ) in an earher report (2) found 8 cases of 
tuberculosis in the negative reactors compared to one in the “positives” in a 
short term study of a few cases But the accumulation of cases of tuberculosis 
and the passage of time in follow-up has shoivn a constant leveling off of differ- 
ences in the two groups over the years The three year training period has 
become an artificial unit of time for observation in such studies as this The tu- 
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berculm test remains the diagnostic standard for the presence or absence of tu- 
berculous infection 

The reason for the high morbidity in the “positive” group on entiy is not 
clear It seems most logical to account for it on the basis of the natural histoiy 
of tuberculosis in young vomen, for the morbidity is normally highest m this 
age group The peak of disease m this “positive” group lags behmd that of the 
“negatives,” nor is it at any time as high a rate Removal of the more susceptible 
nurses vnth active cases of tuberculosis before the}' could apply for nursing 
school may account for this difference in the two curves of morbidity, but it 
seems an unimportant influence Both groups had theoretically the same expo- 
sure to tubercle bacilh during their traming, with vorkmg hours and h^ong 


TABLE 11* 


OBSEaVZit 

YEAS 

GROinp 

mST EXAMINATIOS 

TvmtRcvus posirivE 

FIRST EXAiUNAlIO'^ 
TUBERCULD* NXCATt\*E 

Total 

Cases 

TB 

Per cent 

Total 

Cases 

TB 

Per cent 

Shipman & Davis (5) 

1933 

Nurses 

96 

7 

7 3 

47 


4 3 

Pollack & Cohen (12) 

1941 

Nurses 

419 

7 

1 7 

280 


1 8 

Israel et al (14) 

1941 

Nurses 

360 

34 

9 4 

277 

34 

12 3 

Geer (6) 

1934 

Nurses 

87 

1 

1 1 

204 

8 

3 9 

Heimbeck (15, 16) 

1936 

Nurses 

625 

20 

3 2 

412 

67 

13 8 

Amberson & Riggins 









(17) 

1936 

Nurses 

285 

2 

0 7 

207 

6 

2 9 

Rist (18) 

1939 

Nurses 

84 

0 

0 0 


6 

10 0 

Comparing this study 
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1948 

Nurses 

374 

31 

8 2 

362 

40 

11 0 


♦ From the Prophit Survey (IS) 


conditions the same Diet was fundamentally the same, subject to vanations 
imposed by the idiosjmcrasies of young women concermng their weight 

Primary vs retnfecHon tuberculosis The pathogenesis of tuberculosis has for 
many years been thought of m terms of primary or “childhood type” tuberculosis 
and reinfection or “adult type,” each tending to be differentiated into its own 
rather characteristic climcal and prognostic pattern Tuberculm and roentgeno- 
graphic sun'eys of children and young adults during the past twenty years have 
conditioned our thinkmg m terms of tuberculin-negative and -positive reactors, 
again each with its own t5'pe of lesion “Prunary” or “childhood tjpe” tuber- 
culosis was pictured as occurrmg in non-reactors who turn positive, and “re- 
infection” or “adult type” tuberculosis as occumng m those who were already 
positive to tuberculin Moreover, there has been a prevailmg \new that “pn- 
mary” tuberculosis is a relatively bemgn disease compared to that of “reinfec- 
tion” tj-pe 

Ghon (9) and Ranke (10) first wrote of “pnmaiy” tuberculosis as a “child- 
hood” disease and “reinfection” tuberculosis as its “adult” form Epidemio- 
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logic changes in the morbidity and mortality of tuberculosis have altered our 
attitude towards these earlier concepts, chiefly because large sections of the 
population now do not develop their first or “primary” infection until the second, 
third, or fourth decades of life 

The Prophit Tuberculosis Survey (18), published in 1948, m its very interesting 
study of tuberculosis in the British Isles speaks of primary and reinfection disease 
as follows (paragraph 2, page 184) 

It IS recognized by all, except a few who believe that pulmonary tuberculosis in young 
adults IS usually the result of a primary infection, that reinfection is responsible for much, 
or indeed most adult tuberculosis The two terms, “adult” and “reinfection” tuberculosis, 
are used synonymously 

Such conclusions are not m accord with our chmcal observations, nor with 
recent pathological studies which will be described 

Terplan (19), m his exhaustive pathological studies of human tuberculosis, 
presents the evidence for primary infections up to the age of 80 years He shows 
that the pattern of healed primaries is the same for all age groups and exists 
in the lung parenchyma with and without regional lymphatic involvement 
He feels that the development of tuberculin sensitivity should not be made the 
dividing line between “primary” and “reinfection” tuberculosis Sensitivity to 
tuberculin occurs soon after the initial lodgement of tubercle bacilli in the body, 
but there is no sound basis for regarding a positive tuberculin test ivith the 
development of allergy as the criterion of “reinfection” 

Lurie (20) in 1944 piesented the results of years of experimental study with 
tuberculosis m numerous stiains of inbred rabbits with known variations in 
their inherited constitutional resistance to tuberculosis He found that there 
was no constant pattern of “primary” or “reinfection” tuberculosis Those 
strains of rabbits with high resistance to tuberculosis could localize the naturally 
acquired primary infection in the lung parenchyma without any regional lym- 
phatic involvement But with similar exposure those with low natural resist- 
ance produced the familiar “primary complex” with regional lymph node 
involvement and infection m distant organs A single artificial infection produced 
similar effects and different patterns of disease which varied according to the 
inherent resistance of the rabbit strain when the infectmg doses were similar 

Medlar (21), in his pathological studies of Primary and Reinfection Tuber- 
culosis as a Cause of Death in Adults, finds no clear-cut difference in the path- 
ology of “primary” and “reinfection” tuberculosis in humans He found the 
“primary” or first infection the usual cause of death from tuberculosis under the 
age of forty, but occasionally its cause up to sixty years Beyond the age of 
forty, “reinfection” tuberculosis was more common The term “reinfection” 
tuberculosis he uses only in the sense of a new infection from outside the body, 
new disease acquired in the presence of a former but obsolete and healed “pri- 
mary ” Thus, as Amberson points out, the differentiation of primary and rein- 
fection tuberculosis is a pathological problem and not possible to distmguish 
clinically But Medlar goes further in his pathological studies in feelmg that 
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allergy does not play a veiy impoitant part m determining the progress of the 
disease He found primary and reinfection (in the strict sense) tuberculosis to 
be indistinguishable, on a pathological basis 

Conslilutional factors It is not clear what makes “primary” or “first infection” 
tuberculosis m one individual go on to subclimcal healing throughout its course, 
while in another the process becomes progressive cavernous disease, and in still 
another it progresses from early pneumonic consolidation to a rapid death The 
clinical observ'^ations of this study pomt to the importance of inherent consti- 
tutional resistance as being one of the most important influences in establishing 
the course and prognosis of each case All our nurses had the same theoretical 
exposure to sputum “positive” cases of tuberculosis during traimng and ex- 
perienced similar living and working conditions It is of importance that the 
initially tuberculin-negative and -postiive groups developed not only a closely similar 
amount of tuberculosis but developed disease which was clinically comparable in 
both groups as seen by similar roentgenograms, similar treatment, and similar end 
results 

It IS of interest also that among the negative reactors on admission 14 per 
cent went through training without ever becoming tuberculm-positive Perhaps 
these individuals v ere endowed with a very superior resistance to tuberculosis 
which destioyed the tubercle bacillus before it could establish a “beach head” 
in the body Perhaps thej’’ were just lucky Eighty-si\ per cent of those who did 
turn positive shoved no roentgenographic or climcal evidence of tuberculosis and 
exhibited the presence of acquired infection only by a positive tuberculin test 
Fourteen per cent of those who did turn positive shoved roentgnographic 
evidence of tuberculous lesions In approximately one-quarter of this group the 
lesions remained subclimcal throughout the period of roentgenographically 
demonstrable disease These groups must all have been endowed with good 
resistance to their tuberculosis 

Chmcally, it has seemed to us and has been noted previously (2) that the 
mherent constitutional resistance of the individual to tuberculosis was the 
most important factor in determimng the pattern of her disease Lurie (20) 
makes it clear from his ex-perimental studies that “the resistance of rabbits to 
naturally or artificially acquired tuberculosis is a function of their genetic con- 
stitution ” 

Medlar (21) states that the cause for progression in some primary infections 
IS due to mherent qualities of susceptibility of certain parts of the lung, the 
apices of the lobes, vhen infection lodges in those areas Thus the additive 
effects of frequent re-exposure may lead to development of disease by the greater 
chance of apical involvement 

However the case may be, good mechanical techmque for breaking contact 
and spread of tubercle bacilli should be established, but dependence upon these 
technical factors of pievention should not be exploited at the expense of other 
measures No matter what mechanical or mimunological procedures are used in 
prevention, constitutional resistance, general health, fatigability, diet and nuta- 
tion, the way of living and psychological reactions to familj”, work, and recreation, 
all play their part and contribute to the response of the host to infection 
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Compinson of our results amHi those of other similar studies earned on for 
fifteen \ cars or more shows expected difTcrcnecs Ilcimbcek in 1947 (23) reported 
a twenty joar follow-up of his nurses at Ulleval Hospital, summanzed under 
“Foreign I^ittcrs” in the Journal of the Amerieal Medical Association (23) 
His reported results arc as follows 



SVUHTH 

KLBSrS 

'•UMBER 
CASES or 
TLrrjicu 
LOSIS 

DEATnS 

Pirquel Po'-itnc 

CCS 

35 

1 

Pirquet Kegatno (BCG Vaccination) 

501 

42 

5 

Pirqucl Ncgatnc (Xo BCG) 

2Si 

105 

12 


The nbo\ e figures represent the accumulated results of his group of nurses 
during their three j car training period only His “sceond penod” of observation 
includes the accumulated data of the seventeen years following completion 
of training In this second group it is reported that there was essentially no 
ditTcrcnce m the morbiditj'' or mortality in the above three groups of nurses 

The high incidence and high mortalit 3 ’- rate in his “negative” unvaccinated 
nurses seems to indicate some racial ditTcrcnces m a greatei susceptibility to 
tuberculosis m Norwegian nurses The “positives” on entry to training suggest 
a true “sun n al of the fit” w itli earlier elimination of the susceptibles by the 
Darwinian process of “natural selection ” Their exposure to tuberculosis must 
baxe come before thej' reached the age for training as nurses Again in the un- 
vacemated “negatixcs” on on tty, with their high morbidity and mortality, 
those susceptible to tuberculosis were eliminated under obsenmtion Those who 
sumx ed did as well in subsequent j’ears as the “positives” on entrance to tram- 
ing Tlus w ould be expected 

This studj’’ of Hcimbecl%.’s has showm the usefulness of BCG vaccination in 
his nurses where results point to a raciallj’’ greater susceptibility to tuberculosis 
and w here the high morbidity and mortality suggest more severe disease and a 
greater risk of ex-posure to bacilli The differences m results of these two long 
follow -up studies may w ell be explained on this analysis of racial and individual 
variations in constitutional factors 

Morbidily The morbidity or case rates of this study compare favorably with 
that of other reported senes Childress (24) in his fifteen year study found an 
annual attack rate of 1 39 per 100 m student nurses Amberson and Riggins (4) 
m a shorter study present a rate of 1 09 per 100 per year for over-all lesions, 
but 0 68 per hundred nurses per year for new pulmonary and pleural lesions re- 
quiring treatment Our rate for new pulmonary and pleural lesions requirmg 
treatment in the longer fifteen year follow-up was 0 73 per 100 per year, approx- 
imately the same as that of Bellevue, another large mumcipal hospital This 
rate of 0 73 per 100 nurses per year for us is higher than that recorded in Chil- 
dress’ article (24), for clerks in the Metropolitan Life Insurance Company m 
New York of 2 to 3 per 1,000 per year, or 0 2 to 0 3 per 100 per year The latter 
value, however, is similar to our annual rate of 0 2 per hundred after graduation 
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It IS believed that the length of our follow-up and the absence of other life 
tables outside the nursing profession of similar length does not permit a satis- 
factoi^’’ comparative stud}"" Our rates do, however, present a definite trend 
o\er the years and the long term pictime is favorable The attack rate at the 
time of highest known exposure, during trainmg, is proportionatelj' higher 
than during the post-traming period But the early discovei^^ of the minimal 
lesion by routine SLX-month roentgenographic examinations shows 89 per cent of 
the nurses with anested lesions, and w orking or Ii\nng a normal life 
In a hospital community w’here control against contact wnth the tubercle 
bacillus has not been elaborate but basic, it appears that many factors already 
outlined contribute to the development of clinical tuberculosis, in addition to 
contact wnth the microorganisms It is not enough to consider the individual 
lesion alone durmg the time a nurse is in traimng In this study the detailed 
analysis of the progress of the disease is considered in the light of further under- 
standmg the pathogenesis of tuberculosis from chnical experience The perspec- 
tive granted by the fifteen j^ear follow-up emphasizes the excellence of late 
results and the importance of the inherent constitutional capacity of young 
women to handle tuberculous infections successfully, w^hen diagnosed and treated 
in the earliest stages 


SUMMARY 

1 Seven hundred and forty-five nurses followed five to fifteen years have 
shown statistically the same amount of tuberculosis appearing in the initially 
negative and positive tuberculin reactors 

2 The findings offer little justification for any chnical differentiation into 
“primary” or “childhood” and “reinfection” or “adult” tuberculosis The tj^ie 
of disease has been essentially the same in character, course, and prognosis in 
both groups 

3 The individual, inherent, constitutional resistance to tuberculosis has clin- 
ically seemed the most important single factor in determining the pattern of 
disease in tlus group of nurses over the j-^ears Their similar age, sex, living and 
working conditions, their sunilar diet and exposure to tuberculosis have been 
fairly constant Individual differences in the course of similar tj^ies of lesions 
hav e borne v ery little relationship to the duration or degree of allergy 

4 A discussion of prunary or reinfection tuberculosis has led us to the con- 
clusion that most, if not all, of the disease in this group has been primarj', first 
infection tuberculosis, whether it appeared in the initial reactor or non-reactor 
to tuberculin 

5 These studies hav e shown that the first infection, or “pnmari ” tuberculosis, 
as seen in the initiallj negative tuberculin reactors, mav go on to progressiv'c 
destmctiv c tuberculosis of almost any type It maj , in the other extreme, be- 
come rapidlv arrested with clearing of the shadow on the roentgenogram and 
at no time giv c constitutional or local signs or svaiiptoms of clinical tuberculosis 
All gradations of the disease raaj appear between these extremes The tuber- 
culosis which appeared in the initiallj positive reactors acted in the same man- 
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ner Thus the state of allergy appears to play less part m the pathogenesis of 
the disease than do inherent constitutional differences in resistance to tuber- 
culosis, together with environmental factors and treatment 
6 The morbidity of this group compares favorably with that observed in other 
similar series The final rate for all lesions is 93 per 100 nurses per year, while 
the rate for new pulmonary and pleural lesions needing treatment is 73 per 
100 nurses per year 


SUJIMARIO 

La Tuberculosis en las Enfermeras Observactones CUmcas sobre su Patogmia 
segun Revelan Quince Anas de Vigilancia de 745 Enfermeras 

1 Setecientas cuarenta y cinco enfermeras observadas de cinco a quince afios 
han revelado sustancialmente la misma proporcidn de tuberculosis en las nega- 
tivas y las positivas inicialmente a la tubercuhna 

2 Los hallazgos ofrecen poca justificacidn para la diferenciacidn clinica en 
tuberculosis “pnmaria” o “infantil” y de “reinfeccidn” o “adulta ” La fonna de 
la enfermedad fu6 esenciahnente iddntica en naturaleza, evolucidn y prondstico 
en ambos grupos 

3 La lesistencia constitucional, inherente, individual a la tuberculosis parecid 
ser el mas importante factor aislado en lo tocante a determinar el patrdn de la 
enfermedad en este grupo de enfermeras a travfe de los anos La semejanza en 
edad, sexo, condiciones de vida y de trabajo, alunentacidn y exposicidn al mal 
fu6 bastante constante en ellas Las diferencias individuales en la evolucidn de 
lesiones de forma semejante guardaron poqufsuna relacidn con la duracidn o la 
mtensidad de la alergia 

4 Un estudio de si la tuberculosis era pnmaria o de remfeccidn Ueva a la 
concluBidn de que la mayor parte de la enfermedad, sino toda, en este grupo ha 
sido prunoinfeccidn, ya apareciera en las inicialmente negativas o positivas a 
la tubercuhna 

5 Estos estudios demuestran que la primoinfeccidn, o tuberculosis “pnmana, 
tal como se observara en las imcialmente negativas a la tubercuhna, puede 
avanzar a tuberculosis destructora progresiva de casi cualqmer forma For 
otro lado, puede tambi^n estacionarse rdpidamente con despejo de la sombra 
radiogrdfica sin manifestar en mnguna ocasidn signos o sintomas orgdmcos o 
locales de tuberculosis clfnica Entre esos extremos pueden presentarse todos 
los grades de la enfermedad La tuberculosis que aparecid en los reactores mi- 
ciahnente negatives actu6 en la misma forma El estado de alergia parece, pues, 
desempeiiar en la patogema de la dolencia un papel menor que las inherentes 
diferencias orgdmeas en la resistencia a la tuberculosis, unidas a los factores del 
ambiente y al tratamiento 

6 La morbidad en este grupo compdrase favorablemente con la observada en 
otras senes seme] antes El coeficiente final para todas las lesiones fud de 0 93 
por 100 enfermeras por ano, en tanto que para las nuevas lesiones puhnonares 
y pleurales que necesitan tratamiento es de 0 73 por 100 enfenneras por ano 
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Tins stud} 1ms been completed throuRli the coopcmti\e efforts of a great many depart- 
ments of Boston City Hospital, other hospitals, sanatoriums, and private physicians Their 
generous help and interest is greatlj appreciated Miss Margaret B Welch, Superintendent 
of the School of Nursing, contributed grcatf> to the success of folloi\-up through her en- 
thusiastic support and endorsement of the final study Miss Janet Walsh, through her 
careful and assiduous secretarial and social service assistance, carried out the details of the 
follow-up Dr Max Ritvo, roentgenologist of the Boston City Hospital, and his entire staff 
gaic generous cooperation in the roentgenographic caaminations and interpretations 
Reports and roentgenograms from Middlesex County , Plymouth County, Rutland State 
Sanatonums, the Boston Sanatorium, and the Channing Home for Tuberculosis, as well as 
numerous Veterans Administration hospitals, contributed greatly to the completeness of 
the study To all these wo aro greatly indebted for their assistance 

We are grateful to all the nurses whoso loyalty to the study and whose repeated responses 
over the fifteen years ha\c enabled us to fit the pieces of this picture puzzle together 
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THE PROBLEM OF TUBERCULOSIS CONTROL AMONG 
AMERICAN NEGROES^ ^ 

HOWARD M PAYNE 
(Received for publication March 10, 1949) 

INTRODUCTION 

The problem of tuberculosis control among United States minonties is difficult 
to discuss Minorities do not e\ist here m a European sense Economic, cultural, 
ethnic, and language barriers do not completely dissociate any group from the 
population as a whole All types of tuberculosis may be found in all segments 
of the population -without regard to ethnic origins or other outward characteris- 
tics which might distinguish individuals as members of special groups 

This discussion, therefore, u ill be concerned -with trends m groups which are 
identifiable as different from the white majority on the basis of e-vident physical 
charactenstics The impossibility of making subtle scientific distinctions among 
indmduals in gathering the basic data from which statistics are compiled imposes 
a practical limit upon our ability to draw fine conclusions Considerations -nhich 
affect the seventy of tuberculosis among Negroes may be useful in planning the 
protection of the entire population 

THE NATURE OP THE PROBLEM 

Death rates In the Umted States registration area in 1910 the death rate 
from tuberculosis among the white population was 148 3 per 100,000 and among 
the Negro population the rate was 447 7 per 100,000 In 1945, after 35 years, 
the U S Public Health Service reports a rate of 32 7 per 100,000 for whites 
and 98 0 for Negroes The ratio of white to Negro death rates remains at 1 3 
despite the dramatic decline recorded for both groups A greater dispanty in 
death rates e-sjsts between 15 and 44 years of age where the Negro rate exceeds 
the white by five times (1) 

The death rate for some other United States minorities is higher than that for 
the entire nation Chinese, Japanese, Indian, Eskimo, Porto Rican, and Mexi- 
can-American rates are reported to be high (2) 

The proportionate mortality from tuberculosis in major cities for 1945 shows 
the largest disparity between white and non-white deaths in the 15 to 24 year 
age groups The seventy of tuberculosis for non-whites appears to increase wnth 
the size of cities The tuberculosis proportionate mortality is highest in Northern 
industrial cities (3) 

The 'prevalence of pulmonary tuberculosis The prevalence of tuberculous dis- 
ease among Negroes does not exceed that among whites to an extent comparable 

I From the Division of Chronic Pulmonary Diseases, Hois ard University School of 
Medicine, Washington, D C 

’ Presented before the Southern Tuberculosis Conference in Savannah, Georgia, October 
2, 1948 
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to the excess of mortality Some surveys have actually shown a smaller prevalence 
of tuberculosis among Negroes even though the death rate exceeded that for 
■whites by six or more tunes Edwards reports this m his exhaustive report of 
mass surveys in Harlem (4) Comparable observations are reported by other 
observers (5, 6) 

We are, therefore, confronted -with the fact that pulmonary tuberculosis, 
while not more prevalent among Amencan Negroes than among whites, is a 
more severe and more rapidly fatal disease This has been confirmed in numer- 
ous studies (1, 7, 8, 4, 9) 

The extent of infection The extent of infection by tubercle bacilli in terms of 
the relative percentages of tuberculin-positive persons in non-white and white 
groups in the various localities is of importance here New York City figures 
reported by Drolet m 1934 were 47 9 per cent positive tuberculin tests m young 
Negroes below age 15 and 52 1 per cent positives for young whites of a similar 
age Death rates, however, were 10 times as high for this group of Negroes as 
for whites (10) A similar finding, although infection was more prevalent, -nas 
reported from the Phipps Institute in 1928 for South Philadelphia high school 
children (11) YTutney and McCaffrey reported a national prevalence of posi- 
tive tuberculin reactions for whites of 46 5 per cent and 47 8 per cent for Ne- 
groes Whites experienced a one per cent per year of age average increase in 
reactors and Negroes an increase of 0 5 per cent The increase before age 20 
was more rapid for Negroes 

Although approximately equal percentages of tubercuhn sensitmty have been 
indicated for the white and non-white groups m many studies, it is possible that 
infection falls with different emphasis upon the non-white groups A more rapid 
increase in positive reactors in the younger age groups m Negroes has been 
mentioned Furcolow and others report a gieat dispanty between positive reac- 
tors in Negro and white school children in Kansas City which would indicate 
that in this city, at least, Negro children below 18 are more frequently infected 
■with tubercle bacilli than whites (12) 

Although further studies are required at present, it may be assumed that the 
annual incidence of tuberculous infection is greater for Negroes below^ age twenty 

The concept of race Differences in recorded ■vital and morbiditj'^ statistics 
have given rise to many theories concerning the influence of race-specific factors 
upon the severity of tuberculosis This concept requires clear analysis In a 
scientific sense, the Negro minority in the Umted States is not an ethnic entity 
(13, p 136) The Negro is identified by skin color, other physical charactenstics, 
or by descent from persons of African stock These characteristics identify Ne- 
groes in the statistics of human w'elfare The same factors set Negroes apart 
from the white majority in the cultural, economic, occupational, educational, 
and political life of all sections of this country Such differences are not biological 
It IS, therefore, exceedingly difficult to base scientific conclusions concermng 
tuberculosis upon the common designation of race 

The variable factors which operate upon the non-white minonty in contrast 
to the w'hite wmuld have to be stnctly controlled m order to obseive the single 
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and distinct influence of the predominant racial stock upon the tuberculosis 
epidemic 

The decline of the Negro tuberculosis death rate to less than 25 per cent of 
that for 1900 is difficult to explain as the operation of an inhentable disease- 
resisting factor That the white death rate is now 16 per cent of that for 1900 
does not imply the special operation of a factor linked to race The differences 
in rate of decline may result from the influence of the peculiar economic, occu- 
pational, and cultural structuie of American society 

If a racial or genotypic factor be eliminated as the sole reason for the differ- 
ences in response to tubeiculosis between whites and Negroes, we may hope for 
a solution in practical measures 

Epidemiologic and immunologic considerations The observation that tubercu- 
losis of the lung is a more severe disease in the non-white minonty demands 
interpretation If the explanation is to be found in the physical and environ- 
mental factors, these should bear with peculiar emphasis upon the Negro 
Some whites should also be affected in proportion to the operation of adverse 
influences upon them 

Rich (14) has stated that the extent and destructiveness of a lesion which will 
develop in a given tissue within defimte time after inoculation is increased by 
the virulence and number of bacilli 

The effect of this inoculum is also enhanced by the hypersensitivity of the 
host organism 

The destructive effects of these factors are modified by resistance which is 
both native and acquired This relationship is expressed in quasi-mathematical 
form as 

r , . . VXNXH 

L IS equivalent to — — T" 

R{n H- a) 

Influences which tend to increase the effect of the numerator in this expression 
would, therefore, increase the seventy of the lesions Influences ivhich dimimsh 
the effects of the denominator v ould act similarly Since lesions are admittedly 
severe among the non-white minority, some factors on the nght of this expres- 
sion must, therefore, operate with peculiar seventy among non-whites and not 
to such a large extent among whites 

The virulence and number of bacilli Since the bacilli causing pulmonaiy tuber- 
culosis in this country are not confined to the majority or minonty by physical 
barners, their virulence can be assumed to be the same for all groups 

The number of bacilli involves (a) a large single inoculum occurring as the 
result of a single exposure, (b) repeated inoculations m several exposures over 
a penod of time 

Do these factors operate wuth greater seventy among non-whites? 

A group not generally educated to sanitary and hygienic practices may ex-pen- 
ence inoculation with larger numbers of tubercle bacilli with greater frequency 
than a better trained group Conceivably, the more customary communal use 
of personal articles, a carelessness about personal contacts, and ignorance of the 
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dangers of contagion may lead to the more frequent infection of the non-white 
minority with large bacillaiy inocula 

Sterner Associates tabulate findings of the Federal Housing Admimstration 
which are shown in part in table 1 

These studies indicate substandard sanitation for a significantly greater pro- 
portion of Negro families in all areas of the country The extent of overcrowding 
IS severe for Negroes and much greater than for whites In Detroit, for instance, 
1 6 per cent of all dwelling units reported occupied by Negroes housed more 
than two persons per room against 0 4 per cent of the dwellings occupied by 
whites The report also indicates that in urban areas in 1930, 29 per cent of Ne- 
gro families had lodgers as against only 10 per cent of white families The propor- 

TABLE 1 


Comparison of Housing Facilities for and Negroes 


CITY 

YEAR OP STUDY 

PERCENTAGE 
UNITS IN NEED < 
OR UNPI 

Negro 

OP DWELIING 
)P MAJOR REPAIR 

T FOR USE 

White 

Hartford, Conn 


29 9 

2 5 

Buffalo, N Y 

1939 

36 2 

8 9 

Philadelphia, Pa 

1939 

22 9 

3 5 

Harrisburg, Pa 

1939 

72 8 

12 6 

Detroit, Mich 

1939 

33 7 

6 8 

Alevandna, Va 

1936 

66 5 

14 8 

Birmingham, Ala 

1939-1940 

56 5 

19 7 

New Orleans, La 

1939-1940 

46 8 

14 1 

Atlanta, Ga 

1939 

59 2 

21 6 


tion of broken families was reported as approximately 10 per cent higher for 
Negroes than for native whites (15) 

Poor housing, overcrowding, and then associated social and economic stresses 
operate with umque severity upon the Negro Is it not conceivable that these 
conditions added to the other consequences of a low living standard may operate 
to increase the numbei and frequency of inoculations with tubercle bacilli for a 
larger propoition of Negroes? 

The frequency of large inocula in the early decades of life may result from 
poor physical conditions of existence, a slower acquisition of the principles of 
hygienic hving, and possibly from traditional employment in personal service 
capacities The occurrence of rapidly progiessive disease is, in itself, presumptive 
evidence of more mtensive exposure to tubercle bacilli (16) 

That family or household contact is less frequently detected among Negroes 
with tuberculosis points to heavy extra-domiciIiary exposure Whites may ex- 
perience a larger numbei of slight casual contacts to account for the presence of 
infection when observed 

Hypersensitivity to the tubercle bacillus is difficult to measure Work done at 
Phipps Institute suggests that Negroes react more frequently to the smallest 











336 


HOWARD M rATtNC 


dose of PPD tuberculin and that the frequency of severe reactions is greater At 
Howard University some 630 positive tuberculin reactors were found pnor to 
1910 Of these, 75 per cent reacted to the first dose of PPD (17) 

A direct relationship appears to exist between numbers of bacilli inoculated 
and the seventy of anajibylactic sensitization Hypersensitivity is, therefore, 
increased with the number of bacilli and with greater frequency of inoculation 
If Negroes experience larger and more frequent bacillary inocula, we may then 
account in large part for a greater degree of hjqiersensitmty 

The obseix'cd decrease in tuberculosis death rates in this countiy has accom- 
panied an improvement in the phjfsical conditions of living, in samtation, in 
knowledge of hygiene, and in conditions of wmrk Minority groups have enjoyed 
these improvements to an appreciably lesser extent than the majonty and conse- 
quently tend to ex-penence more intensive ex-posurc at earlier ages 

The slighter inoculation of bacilli among the majonty resulting from less in- 
tensi've exposure tends to produce actiie immunity or slowly progressive lesions 
w’hen they occur The more intensive inoculation in the non-wlute group pro- 
duces progressive tuberculosis earlier m life or leaves foci which produce pro- 
gressive disease m later life 

Resistance Resistance to tuberculosis is a complex factor It is not a measur- 
able quantity Its presence must be inferred from the reactions of tissues and 
organs to infection It is a vanable which may be lessened bj' any number of 
transient or persistent influences Some of these factors may exert large general 
effects and so must be considered 

Speaes or racial resistance Immunity is postulated upon the basis of observed 
tissue responses in expenmental ammals of many species and strains Companson 
of these pathological changes has been the basis for rating human individuals as 
resistant or susceptible This analogy is accurate wothin limits The conditions 
under which human infection may occur can hardly be dupheated for ammals 
The differences between human ethmc groups are not analogous to those betw een 
different species such as w’hite mice and guinea pigs The familial immune traits 
demonstrated to exist in rabbit families may exist in humans (18) We can 
safely assume, however, that a great many years would pass before humans 
could sigmficantly “breed out” a comparable genetic trait which controls lack 
of resistance to tuberculosis 

Bogen (19) reports that the death rate from tuberculosis among Australians 
has been the low'est in the world since records have been kept These people 
left England originally during a penod of high death rates when racial im- 
munity, if it existed, would be thought low Amencans migrating from England 
about the same time expenenced extremely high death rates The Australians 
have enjoyed favorable death rates, however, despite a low bed-to-death ratio 
Since they have not lost large portions of population from tuberculosis, the 
kilhng off of susceptible strains cannot be presumed to account for the present 
favorable rates 

That there is native resistance to tuberculosis cannot be demed That this 
resistance is hnked directly to ethmc traits or that it has been influenced by 
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jutuial ^elcctioii in oui pic^ent fcocietv is not pioved Laige scale deficiencies 
in the i-c''i‘=(ancc to tuhei-culosis of non-nlntc niinoiities cannot vet be scien- 
tifualh e\pl uncd as a i ace-specific phenomenon 
7 In injlmncc of am Hc^istance to piogie^snc tubciculosis is i cliai icteiistic 
vhuh ippoaiv to meiei^e with niic Nevei Uielc'^s, Chadwick (20) quotes Fiost as 
pointnni out tint the gioup iged 50 to (>0 in 1030, if followed back to bnth, 
utualh expeiicnced the highc'it mortlht^ it ages 20 to 30 and that the high 
rate« at the oldei age'' aie the lesiduils of highei latcs m eail}'^ life 
Pmnei (21 p !00) «t itcd, howeici, on the basis of autoptic expeiience, that 
the piopoition of letlnl oi «e\cie tuberculosis to total tubeiculosis appeals to 
decrcise with ige This obscnation maj be confimied in an} laige scale chest 
loentgenogriin s^ll\e^ In a compaiison of the incidence of sjTnptomatic active 
Ic'uoii'' pel thousand to the pioiioition of total icinfection infiltrates in the 
\anous ige gioups examined In JJowaid Unneisitj students, the latio of pio- 
greS'ivc lemfcction lesions to total IcMons has been thought a significant guide 
to show sex and ace pIoblbIllt^ of inogicsaioii (22) Tins latio, if it can be ap- 
plied, inn “supph coneicte o\idence of age-specific lesistance to tubeiculous 
progression Since infection with large inocula ina-^ appeal eailiei in minorities, 
the mipoifance of dci eloping such an index is obvious 
Resistance xaiics with i numbei of phvsiologic phenomena associated with 
sexuil matuiatioii, childbe<inng, and othei dex elopmental and aging factois 
These influences would seem to be equallj' influontial in all gioups and would 
assume added impoitince in i inmontx only when opeiatne at an age duiing 
which heaxx exposuie is ficquent 

NulntwJi Resistance to piogiessne tubeiculosis appeals to xary with the 
standaid of Ining of the indnidual oi gioups (23) This is a complex influence 
in which nianx subfactois may operate Of these, pooi nutiition seems most 
important The influence of nutiition upon the vaiious elements of the popula- 
tion IS inadequately studied No extensu e body of evidence is available to show 
the influence of deficient nutrition dming the peiiod of most active grow th upon 
the abilitx to dex'elop and maintain lesistance to tuberculosis m later life 
The effect of extiemc malnutiition upon tubeiculous disease in concentiation 
cimp inmates m Gennanx" appears to produce autoptic appeal ances similai to 
those repoited liy Pinnei and Kaspci in Negioes (24) A laige incidence of 
IjTiiphogenous and blood-borne tuberculous metastases and lemarkablj’' sex'^eie 
lix^er damage is lepoited (25) 

Faber lepoited fiom Denmaik in 1938 that low piotem nutation xx^as one 
of the factois accounting foi the spectacular inciease in tuberculosis in the fiist 
xxorld xxai (26) Pinnci states that no othei nutiitional factor plaj^s such a 
decisix’-e role as piotein m influencing the epidemic behaxuor of tuberculosis 
(21, p 520) 

Poor nutrition opeiates especially among Negioes Myidal states, upon the 
basis of 1941 Depaitment of Agiicultme studies, that “the majoiity of the 
Negio population suffeis fiom severe malnutrition” (13, p 375) This he at- 
tiibutes in pait to poxmit}^ and in pait to “cultural factois” influencing the 
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choice of food ‘5 I he influence of diet upon ic'nsl'incc to (ubeiculosis i'! obMous, 
cspccialh since (0‘;tly piotein l‘^ one of the notoiiou‘:l\ deficient items leported 
in the dietai V 

Wai, metabolu di‘'ea‘:c':, and inteicuricnt infettious Mould appeal to act 
equally upon le^i'^tanco m all gioups and to o\cit no ‘^pecnl influence upon the 
pioblcm at hand 

\cquiml rcst^lancc Koch dcmonstiatcd that the inoculition of piecioiish 
heafth^ animals with a pme cuUiue of fubciclc b icilh excited, ifter ten to four- 
teen da^‘?, a chingcd ieactivit\ which was accompanied In the development 
of an immune leaction which leiclied its optimum m foui to six weeks Tlie 
development of this immune iciction, hovvcvci, depends upon the si 7 c of the 
initial inoculum and upon the fiequencv of inoculation in tlic ten to fouiteen 
dav pi ealleigic phase If the inoculum is large oi ficqucntlv lepeitcd, the alleigic 
phase develops but piogicssivc tubeiculosis occurs, denoting an ovciwlielming 
of the host pi 101 to the dev clopmcnt of the immune lesponsc 

Holm has noted a coinjiai iblc phenomenon m the intivcs of Boinholm, Dcn- 
maik who, being lugch tubcicuhn-negatne, develop progiessive tubeiculosis 
when thev migrate to the uiban Danish mainland Ferguson icpoits a similai 
situation among tiibei culm-negative native white muses exposed to open tuber- 
culosis in Canadian hospitals 

Massive inoculation with human tubercle bacilli mav lesult eithei in im- 
mediately piogicssive disea«:e oi m the development of foci which progiess to 
an extent depending upon the speed with which lesistance oi acquiied inimunitv 
dev elops 

The speed of fission of bacilli m laige inocula mav be assumed to exceed the 
speed of dev elopment of immunitj which mav at any point modifj the lesulting 
lesion to vai3ang degiees of chiomcity ( 27 ) Casual oi slight exposiue latei m 
life, hovvev'^ei, seems fai moie likelj to produce an immune leaction which in- 
hibits piogiession of the pnmaij" inoculum oi its satellites and may impose 
chiomcitj'^ oi healing upon these oi subsequent inocula 

The piotection of expeiimental animals bw small inocula of tubeicle bacilli 
has been demonstiated b3’^ man3 vvoikeis The conti oiled admmistiation of 
small amounts of av iiulent tubeicle bacillus has been demonstiated to cause the 
development of acquiied iraraunit3'’ The occimence of small inocula of vmulent 
bacilli might be lesponsible foi the development of lelative immumt3' among 
United States whites Laige inoculations with viiulent bacilli aie expected to 
occui more fiequentty m Negioes Acquiied inmmnit3 should develop moie 
effective^ m the less mtensel3^ exposed gioup 

WmXT NEEDS TO BE DONE FOR TUBERCULOSIS CONTROL VVIONG THE NEGRO 

POPULATION 

Known factois inciease the seveiit3'’ of tubeiculous disease among the Xegio 
population m the United States No special oi unusual influences need be pos- 
tulated to account foi highei death lates The thoiough application of famihai 
commumt3^ tubeiculosis conti ol piogiaras to the entiie population is of the 
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greatest urgencj’- The official and voluntaij^ health organizations must enlist 
the participation of everyone 

The problem of tuberculosis among Negroes cannot be isolated in our thinking 
01 planning Emphasis should be placed on some special aspects of this problem 

1 Reseaich A program of research should be planned in order to study and 
identify the environmental, cultural, economic, and educational factors vhich 
may adversely influence the resistance of Negro Americans to tuberculosis 
The program should include the following features 

(a) Modem methods of social leseaich should be employed by trained social scientists to 
identify these environmental factors Objective medical study should then be able to 
demonstrate statistical^ significant, phj'-siologic, or pathologic variants pioduced bj 
social and economic influences 

(b) Up-to-date information concerning the prevalence of tuberculous infection is needed 
This should be specified for age, race, se\, and locality 

(c) Age-specific latios between the incidence of frankly active pulmonarj tuberculosis and 
that of all forms of pulmonaiy tuberculosis should be formulated from the largest possi- 
ble chest loentgenogiam survey expeiiences in each community These ratios may be 
e\pected to indicate the age specific expectancy of progiessive tuberculosis for all 
elements of the population 

2 Impioved medical care The moie lapid piogiession of pulmonaij’’ tubei- 
culosis m the non-white makes it imperative that minor pulmonary infiltrates 
and early minimal tubeiculosis be tieated more effectively and vigorously by 
every medical and surgical means at oui disposal 

The prevention of contagion by the earliest possible i ecognition and treatment 
of piogiessive disease is a medical and public health obligation which is obviousb’- 
of particular importance 

3 Isolation of open cases The eaily and effective isolation of “tubeicle bacil- 
lus” earners is necessary m all gioups of oui population A piogiam of good 
medical care should motivate the individual acceptance of isolation with a hope 
for lecoverj'’ 

4 Economic pi ovisions f 01 the (ubcrcidous Eaily hospitalization, medical care, 
and isolation should be made possible by tw'o sti ong steps 

(a) The means test should be abolished as a requirement for tuberculosis hospital treat- 
ment No citiren should be forced to expend savings in order to undergo treatment for 
the general good of the community 

(b) Adequate financial issistance should be given to the families of tuberculous bread 
winners duiing hospital treatment and cona alescence This would bring tuberculosis 
patients in maiginal economic groups under eailiei medical care and result in shorter 
hospitalization and eailiei leturii to work 

5 Educational impi ovciiicnt Every educational channel atailablc should he 
detofed to the ideal of edutating all Ameiicins to the best standaids of In mg 
of hygienic pi ictice, of iiiitiition, and of conditions of woik 'lire geneial adop- 
tion ot such standaidswill speed the acquisition of the cultural ti iits icquircd to 
(ounteiatt the effects which i educe lesistance 

A moie gencial undeistaiidmg of the haimfiil effects of uiban and rural slums 
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upon national health will, it is hoped, lead eventually to intelligent attacks upon 
these problems 

6 BCG mccinaiion BCG vaccination offeis hope of developing a useful de- 
giee of acquiied lesistance in the youngei age gioups of the Negio population 
The complevity of the factois pioducmg inci eased susceptibility to piogiessive 
tubeiculosis makes it impeiative that we do not lely on this raeasuie alone 

7 Ancillary medical procedures The fullest possible assistance in the measiues 
outlined above must be sought fiom the techniques of medical social uoik, 
public health nuismg, vocational lehabihtation, and voluntai3' tubeiculosis 
agencies These services aie essential to the suppoit of the pioplydactic and 
theiapeutic piogiams Then geneial adoption must be suppoited 

SUABURY 

1 Tubeiculosis is a moie seveie disease among the non-uhite mmoiity m the 
United States than foi the majoiity 

2 The factor of lace in the ethnic sense plaj^s onlj’^ a small part in identifjnng 
the Negro m the United States Cultuial, occupational, economic, and educa- 
tional limitations set the non-white group apart A biological e\planation of 
the observed severitj’^ of tuberculosis in a group not biologicall}'- defined is not 
consistent with logic 

3 Environmental conditions increase the seventy with which tuberculosis 
strikes The numbei and sererity of bacillary inocula aie gieatei foi a group 
which expenences to a gieatei extent than another the disadvantages of ciowd- 
mg, unsanitaij’’ enviionment, and social disoigamzation 

H3’-persensitivit3’' develops more stiongh'^ as a consequence of laigei mocuia 
with moie bacilli Resistance of the natuial t3’^pe depends on good nutiition and 
age of fiist intensive exposure These two factois aie demonstiabty unfavoiable 
to the maintainance of resistance in a laige poition of the Negio minoiif3' 
Acquired lesistance develops following an inoculation with tribeicie bacilli 
m an optimum dose Massive or frequent inocula ma3 cause h3'pei sensitivity 
and, on a purely mathematical basis, 0^3-^ enable bacillaiy giowth to outstiip 
the development of acquired immunity This favois the development of pio- 
giessive tuberculosis 

These factors are susceptible of demonstration and do not lequiie the invoca- 
tion of race-specific phenomena as speculative influences Research to deteimme 
the specific ph3'^siologic consequences of envnonmental and nutiitional deficien- 
cies IS much needed 


SUAUVRIO 

El Prohlema dc la Lucha AnMuhcrcidosa en las Minorias dc los Estados Utiidos 

1 La tubeiculosis es rina cnfeimedad mas graac entie las mmorns no blancas 
de los Estados Unidos que quo entic la ma3''orIa de la poblacidn 

2 El factor raza en su sentido dtnico s 61 o desempefia un pequeho papel on lo 
tocante a definir cl estado de la minorla que no pertenece a li lazr blanca, que 
qiieda tambi6n separada del resto de la poblacidn por hmitaciones cultuialcs, 
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\<'cuioniUs cooiminu l^ ^ oihu itnab Todi c\plitici6n biologica cle la notona 
mutnlad di h lidu'ictdo'-ix on nn giupo iHoIogicuncnlc indefinido lesulla 
dnmi I 

1 I i-- (oiidn Kiiu'- d(>l inodto •iciodontin claiamcnto la intensidad con que 
liu’io ! 1 (uIh'K iiloM-' I isqiiocoiu olnblemcnlo inlcivicnenenunagian piopoicidn 
dc ! ininon 1- >-on 

(it I 1 ( mtid id \ 1 1 i:i n cdad do los indoidos bacilaies son mavoies en un giupo 
(pio o\ponnu'iita (ii in.noi gi ido quc otio, hs desventajas cicadas poi el 
It K in imiontci, li ni'-dubiidid \ It desoigini/ncidn social 
(bt bi liijtoiM'n'ibilid id H' dc-inolli mis podci osamentc a tonsecuencia di 
iiioi nlas III 1 oi Os ( on m is b u ilos 

u ' I i losistoiHii do lipo nitni il dcponde, ontie ofias tosas, de la nutiicion v 
dt‘ 1 1 od id il tonoi lug.u It o\j)osicion Esos doa ficloics son nolonamentc 
id\oisns d iiiaiitoniinienlo do Ii lesistoncia on iina gian piopoicion de li 
lonioi. 1 iiogi i 

(di 1 1 Ksisioiun idquiiida so dosiiiolh tonseculn imente a la inoculacidn de 
b K ilos ttibeiiulosos lai do^is optini i El e\ccso o la fieuiencia de los mocu- 
li)s pucdon pioMitii lupeI^cnsII)llld id, peio a base puiamente matematica, 
ptiodcn hacei (iiio li piolifci icion bacilu ic^igiie el desaiiollo de la m- 
imniidul ulcuinida Esi i sitnicion fuoiocc la apaiicibn de tubeiculosis 
piogiosu i 

(p) Postuhse, pups, ([110 la lesion lubciculosa sci i mas gia\e en la poblacion 
nogi i pot liallaisc una pio])oicion ma3 0i do ese giupo expuesta a la mocu- 
Jacion in isn a, j poi lo t into al desaiiollo de lupeisensibilidad Los factoies 
del medio ainbiontc contiibinon a esa situacidn Poslulase tambi( 5 n que la 
le'asipnci i natui d de un i gian piopoicion do los negios seia baja debido al 
in d cstado de su nutiicidn 3 a su cxposicion a una edad menoi a la dolencia 
La ipsistencia adquiiid i no se manificsli tan lapidamente en la mmoiia poi 
igobiai la intcnsidad de 1 1 exposicion el oiganismo antes de que aquella 
piled i ocuiin 

Estos factoi es son susccptibles de dcmostiacion 3 no lequieien la invocacion 
de fenomenos clnoespeclfitos conio causas hipotdticas Ha3'^ mucha necesidad 
de estudios quc deteiminen las especificas consccuencias fisioldgicas de las de- 
licicncias del medio ambiente 3’’ de la nutiicidn 

A cl iwwlcdgmcnt 
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TVBLn 1 

licsiiJls J» IS Negro [dulls with Tuberculous Pneumonia II ho H ere Treated with Streplomi/cin 


Group 1 

Improi enient, folloned b} relapse 

su\inER or 

PVTIENTS 

11 

Group 2 

LuingT 

Dead 1 

Impro\cment, no relapse 

4 



Figs 1 A and B (Upper left and right) Patient \ B Chest roentgenograms before treat- 
ment Note the confluent exudative disease, located chiefly in the left upper lobe, clearly 
outlining the oblique fissure 

Fig 1 C (Loner left) Film taken 10 dajs after end of tno month course of streptomjcin, 
showing some clearing of the parenchjmal infiltrations \ large caiitj is non visible in 
the left first interspace 

Fig 1 D (Lon er right) Enlargement of the cantj and progression of the disease on the 
left, nith the appearance of infiltrations in the right fourth interspace Patient died tno 
months later 
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nuiin till 1 i]>\ "-lu guilt'll 10 jMiunck ind lu'i (ouj^li and ‘sjinluin weio {ficadv 
d!imrit-!u*il \t tile end of (lit (ii* iftncnl poiiod, lin\\(>\(>i, tlu'^-pulum K'ln lined 
jioMtive loi uilienle Imilli ind the oifriniMiis tultuied weic liifililv leMst int to 
-in pto’iiM in Hk in-( ol the ini-i'ine of < u it iiion in tlio lift lii-t intei-iiite, 
1 ihor I. op! '-I n w i- -< ht dultMi \\ itliin two \\{ ek- iftei di-eontinuinfj; stieplomN - 
iin i'ow.M'i Ik r tempi ritiiie imin liei urn e!e\ vied ind iiei condition dctc- 
noi '!« I -o 1 nndh tint the opei ition w is ne\ei peifoinied Stiei)tom\ i in w is 
c on -I o ted hill w itliin (i\ e d u - -he iiei one ilino-t tot ilh do if and liie di iiti; 

w 1 - di-tonlinnid ^he died fom niontli- iflei coinpletion of (he hi-t cotii-ac of 

-In jiioiin 1 in tin r ijn 

\ -nni! It I i-e i- i!!u-u it< d m fiiruie 2 1 in- I't nou old, loloied mile hid 

ii id 1 omah level ind left i he-t pun foi one inontli, dmins wliuli he lost 30 

lioiind- lliinim iihnt month tom-e of -ticptonuiin tliei ip\ he hoc one ife- 
hrih ind',; lint d I'ljionnd- 1 lioi k ojil i-t\ w -is -i liednled, lint wit Inn (wo weeks 
iti<i ((--ition of -ireptonmin hi- fe\(i lelnined mil lie begin to lo-e weight 
Inhe’ile huiili oht iineil it (In- time giew in (he jne'-enie ol JO •> pei ic of 
'tnptomNcm hut wtte inhihittd 1)\ 100 •> Stii'ptoinvein w.is gnen foi i -econd 
iwo month { onr-e hut hi- < ondition gtew -(< idih woi-e md lie died (woniontli- 
iller (omphtion oi the -etond <mn-e 

1 he 1 hi -t roentgenogi im- of a thud pitient m this gioiip iie incscnted m 
iimin 1 1 hi- 27 \eii old, loloud node w i- thought to h i\e i nontiibcuiiloiis 
i> ii (ni d pill iimoni i m October 1010 on the b i-i- of eongh, -jnitmn, light chcbt 
p im md right tipper lobe mldti-itioii on the loentgenogi mi lie w is tieatcd b\ 
i pin it< pin -K I in but faded to mipiove, mil in Vpiil 1017 he w is admitted to 
i neiiln -mitorniin with tiibeiculoii- piKiimonii Jh hid lost 25 pomicls mcl 
w i-\(i\ ill I’lieuinoperitoneimi w.i- institnted md he lecencd stioptonivcm foi 
f'lNiii wieks fiom Itih to Septeinbci 10J7 Dining this peiiod lie showed 
miiki'l s\ mptoin itii iinprin enii nt md giiiicd 5 pounds, but hib condition 
1 ei line woi'-e dino-t immedi i(el\ iftci mtmiiciobi.d thei ip\ w is discontinued 
llf w I- ti m-f( rred to the S m I'l iniisio llosjnt d m 1 muaiy 191S wheie pneu- 
mopeiitoneimi w i- continued, but the -itu itioii was obMousIj hopeless and the 
patient died fom months later 

I he ( mil -e m the otlui S p itimits m this gioup was stiikmgl} similai to that 
which oicuiKd 111 the-e 3 jiiticnts Jn 5, bomc foim of collapse theiapj’’ was ad- 
ministered, but III even instance it w is midcquite to contiol the disease 
Ihiee pitientb leccned both j)iiemno(hoia\ and pncumopeiitoneum One pa- 
tient leccned i 2 stige thoi icoplastv, but the civities weie not closed b 3 '' this 
piocedme md she is steadih getting woise 

Gioup 2 Fallouts showing tmprovemcnl, without i elapse In contiast to the 11 
jiiticnts m Gioup 1, the lesults m the J patients compiising Gioup 2 have been 
highh s itisfactoi 3 ' to d itc Since the objective of this study is to discovei factois 
which lie of imiioit incc m bunging about a favoiable theiapeutic lesult, these4 
cases will be picsented biien 3 ’’ Two iccencd pneumopeiitoneum in addition to 
stieptom 3 cm, and 2 h id pneumonectomies 

One of the most stiikmg lesponses occuried in a 2C 3 'eai old male, whose 
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films aie piosentcd in figme 4 lie hnd been ill foi ten ^^ecks piioi to ‘:tiei)tom\- 
cin {helap^, with cough, sputum, fe\ei, ahdomind ciamps and dniihci IIis 



Figs 2 A. and B (Upper left and right) Patient S H Chest roentgenogram one «eek be 
fore starting streptomjcin, sho^Mng e\tensi\e e\udati\e disease with cavitation, confined 
chlefi^ to the left upper lobe 

Fig 2 C (Low er) Film tw o months after the first course of streptomv cm show mg spread 
and further excavation The infecting organisms were resistant, and the patient pursued 
a progressiveij downhill course despite a second course of streptonii, cm therapj 

temperatuie, which was 104°F , fell to noimal duimg the fiist month of tieat- 
ment, the gastio-mtestinal complaints disappeaied, and he gamed 30 pounds 
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Pnoumopentoneum \\ is <^111 ted h\o Mceks nftei completion of the ninety day 
coui'^e of sticptoinicin Sputum and gastnc cultuies have been negative foi 



Fig 3 a (Upper left) Patient E P Roentgenographic appeal anoe at the time a diagno- 
sis of “pneumonia” vas made 

Fig 3 B (Upper right) Condition a month after pneumoperitoneum was instituted, and 
three Meeks before streptom 3 cm m as started There is now an extensive tuberculous pneu- 
monia of the right lung 

Fig 3 C (Loner) Film taken tn o months after streptomj'cin uas discontinued, showing 
progression of the disease w ith extensive cavitation Death occurred six months later 

tubeicle bacilh since the second month of stieptomycm theiapj^ In view of the 
sudden onset, the bilateially sjunmetncal chest lesions, thegastio-intestmal le- 
sions, the piompt “con vei Sion” of the sputum, and the lack of definite cavita- 
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Fig 4 A (Upper left) Patient E H E\tcnsne bilateral cxudatne disease ten da^s be 
fore streptomj cm as administered This nia\ have been hematogenous in origin 

Fig 4 B (Upper right) Marked regression of the pulmomri infiltrations os seen eight 
dai s after the mnetj daj course of streptonij cm therapi 

Fig 4 C (Lover) Further regression is noted 2 months after starting pneumoperitoneum 
In spite of the suggesti\e caaitation in both first interior interspaces, sputum and gastric 
cultures have been repeatedlj negatiae 

tion, it IS possible that the disease m this case niaj'- have been hematogenous m 
oiigm If so, the piedommately mteistitial chaiactei of the lesions maj’ account 
in laige pait foi the favoiable lesponse obtained 
The other patient who leceived pneumopeiitoneum vas a 22 5’’eai old house- 
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A\ifc Mitli ‘I left loA\ei lobe pneumonia which showed consideiable piogiession 
duung the fust fi\c weeks in the hospital, befoie stieptom 3 '-cin w^as administered 
(figuic o) A 3 cm cavitj’’, with a fluid level, could be faintl 3 ^ visualized above 



Fig 5 a (Upper left) Patient L W Pneumonitis, left lower lobe, with a 3 cm cavity 
just above the diaphragm 

Fig 5 B (Upper right) IMarked spread of the tuberculous pneumonia, left lower lobe, 
si\ weeks later and twelve da^s before streptomycin was started Patient was quite to\ic 
and febrile at this time 

Fig 5 C (Lower) Film taken fourteen weeks after discontinuing streptomjxm, and 
twelve weeks after starting pneumoperitoneum There has been marked clearing of the 
pneumonia, and the cavity is apparently closed Note the calcifications in the spleen 

the left diaphiagm m the Hist film Stieptomycm w^as given in daily doses of 1 0 
Gm foi nmetj’- daj's, and twm weeks later pneumopeiitoneum was instituted 
She gamed 20 pounds and sputum and gastiic w^ashings became negative foi 
tubeicle bacilli during the second month of stieptomycm therapy Six months 
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foliowing the completion of antimicrobial theiapj--, she is sho\\ing continued im- 
piovement, and the plan is to continue pnoumopeiitoneum foi seveial jeais 
Tuo patients have lecently been obsened m whom a moie aggressne ap- 
pioach seemed indicated The fiist of these iias an IS jeai old housenife uho 
was thiee months piegnant uhen she enteied the hospital m Septembei 1948, 


Fig 6 4. (Upper left) Patient B S ,i\ith extensive involvement of the left Jung She vis 
three monghs pregnant at this time 

Fig 6 B (Upper right) Film taken ten da\s following completion of the first course of 
streptom^ cm, showing some clearing but extensne excavition 

Fig 6 C (Lower) Appearance seven weeks ifter starting the second course of strep 
tomi cm, and five weeks following left pneumonectonn 


With an extensive tuberculous pneumonia of the left lung (figuie 6) Although 
she had a daity tempeiatuie elevation to 102°F oi highei and had lost 15 pounds, 
she showed a suipiismg lack of awaieness of hei SAmiptoms She was placed on 
streptomvcin Septembei 30, 1948, and two da 3 s latei the piegnancv vas intei- 
rupted bj’' abdominal ly'^steiotomj’' Theie was a weight gim of 13 pounds dining 
thiee months of stieptomj^cin theiap 3 ", but at the end of tieatment she still had 
a dail 3 ' fevei of 99 5°F Realizing that hei couise without fuithei tieatnient 
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would hr hUo thnt of tlio m Choup 1, a second coinse of stioptonncin was 
'•t u (cd J.mu u \ in in in, and left pneumonectomy was peifoimed Januaij 29, 



Fig 7 -V (Upper left) PnfientJM E Right upper lobe ca-ntj of seven months duration 
\Mth n fluid level present 

Fig 7 B (Upper right) Infiltration throughout the right lung foui days after the sudden 
emptiing of the cavitj contents into the right bronchial tree 

Fig 7 C (Lower left) Extensive tuberculous pneumonii, right lung, thiee weeks aftei 
st irting streptoravcin, and three days before right pneumoneetomj 
Fig 7D (Low ei right) Film taken sev'en weeks aftei right pneumonectomy 

1949 The postopeiative coinse was uncomplicated At piesent, twm months 
aftei the opeiation, she is afebiile, hei sputum and gastiic w^ashings aie negative 



• i.")2 Klltin, MMI'SON, 

foi (til)(*i(Io hiolli on ''inc'ii 'iiid uiltuic, 'iiifl v|if> is j^iininj' \U'if;!il Sho rf’fn‘=e'< 
tlioiai opi i''t\ , I)uf .1 pciiiintu'nt h'fl phtciiK inlf mipfion is '•( licflnlod 'Iliofol- 
ion iijipiiiod iooslioit to pioiln } the c^fritn.i} oiitcftnio, (m( (ho on ( look ‘•o 
f‘ii is((’i(iinl\ f,i\ oi.ihio I'' ( onip iK'd « ith tli(> (list IJ p.itionts It is of p irtu'ii- 
lai uitoKst (hit >1 sdisiimtN (<st sf n)ed lifftiK* Iho jinciiinoiifi toiin , hiit lo- 
poi!(“d .1 numtli afU'i tin opd ition, shoued (Ik* oiginistns (o iio losistant to 
],{){)() •> of stioptonucm p( I (( of mrdinrn 
'J’lu* s('( ond (>is{' u (s 1 p) \( II old liou''f'\\if(‘ uho u'is fotiiul to li no a (nher- 
fidousi iMt\ of (ho light nppoi loho in lato I0I7 H\ M<n' of 10 IS, despite iiglit 
piuMimofhoia\ and jinouniopontonoum (hoc*i\ih uas still open and it (ont lined 
i fluid lo\(I On M;n I'l, iOlS, (ho (a\it\ (ontonts siidflonh flowed into the 
light hing, ( uning in oxtensno spiead of ihedisf is(> Dniiiig the next si\ months 
she lost 1) jiounds and i ui i downhill fohnle (oni'O Becuise hei condition 
w IS ( onsidoiod dosjici ite, sti<>p(oiin(in tin ^lp^ was st nted Deeeniber 10, lOIS 
and j light pncinnonectonn w is peifoi mod Jitrttnn S, 19}') 'J hr postopentne 
coiiisc w IS stoimj fo! two weeks, hut since then she has lioen afebrile and two 
months iftci the opei ition his g lined I pounds So\era! sputum smeiis ind 
gistiic cuituies, since siiigen, lune been negitne for tubcide bacilli She le- 
fuscs thoi icoplast}' Ag un, (he follow-up period iscer\ brief, but the situation 
scorns encouraging and the condition ccitainh would line terminated f itall} 
without surgerv 


COMMENT 

Ceitain gcncial piinciples eonceimng the m inagcment of tuberculous pneu- 
monia seem appaient m Mowing the icsults obtained in this senes Beneficnl 
otTects of stieptonnein wcie noted in even case, as manifested be maiked sjanp- 
tomatic impio\cment, decline m fcvei, diminution of cough and sputum, and 
gam in weight The imiiiovcmcnt was onlv (cmpoi ii.y, howevei, unless stiepto- 
mvem theiapy was combined with idequate collapse menuies The extensne, 
dcstiuctne natuie of the disease, with its widespiead tissue necrosis and can- 
tation, was such that stieptomvcm alone caused onh tcmpoiaiv suppiession 
of the piocess and i elapse and piogicssion followed within a few weeks Similar 
expel lences ha\c been described by otheis (2) 

Collapse theiapy oi othei suigei}" was instituted in 12 patients, but in onkv 4 
did It aid m conti oiling the disease Aitificial pneumothoiax was attempted in 
3 cases, but, m keeping with the usual expciience m tuberculous pneumonia, it 
was unsuccessful Pneumopeiitoneum appealed to exert a beneficial effect in 2 
cases (figuies 4 and 5) In one of these a 3 cm caMty oveihing the left dia- 
phiagm was appaientlj closed, and m the othei the sputum became negatne 
foi tubeicle bacilli and caMtation was no longei demonstiable Pneumoperito- 
neum was administeied at some time to 9 patients, but the amount of collapse 
pioduced was not adequate to conti ol the extensive exudative and caMtaiy dis- 
ease The one patient who leeeived a thoiacoplast}*^ had seveial laige cavities 
which weie not closed bj’’ the piocedme, and hei condition has steadily deteiio- 
rated since the operation 
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The 2 pnticnts in whom pneumonectomies wcie perfonned had predominately 
unilateral disease of the sort which had mvar]abl 3 ’’ lenninated fatally m previous 
cases The follow -up period has been short, but the lesults so far are encoui aging 
and it IS felt that an aggressive approach is indicated in this tj^ie of case It 
is possible that the patients showm in figures 1, 2, and 3 might all have been 
saved if lobectomies or pneumonectomies had been performed at a judicious 
time 

It IS ea ident then that the aim should be to provide adequate collapse ther- 
apj' or othci surgical measures and that these must be appropriately timed in 
relation to the streptomycin thcrap} , and particularly to the development of 
streptom 3 cin-resistant infections Tw'o patients in the present series relapsed 
following 6 treptom 3 cm before a scheduled thoracoplast 3 ’^ could be performed 
Generalizations concerning the t 3 'pe of collapse are not w'aiianted, each case 
must ob\ lously be decided on its owm merits In a disease as malignant as tu- 
berculous pneumonia in Negroes, it is too much to hope to salvage evei^"" case 
It would appear, however, on the basis of what lias been learned in this study, 
that thoughtful planning and careful timing should make it possible to in- 
crease appreciably the percentage of cases permanently benefited 

SUIMARY AND CONCLUSIONS 

Sustained improvement has been noted in 4 of 15 Negro adults with tubercu- 
lous pneumonia treated with streptomycin, relapse occurred in the other 11 fol- 
lowung an initial period of improvement Properly timed, adequate collapse 
therapy or other surgical procedures appear to bo essential adjuvants to strep- 
tom 5 'cm administration in bringing about permanent improvement m this form 
of pulmonary tuberculosis, which is so highly fatal in Negroes The early post- 
operative course has been encouraging m 2 patients with predominately um- 
lateral disease m whom pneumonectonues wrere performed 

SUMAUIO y CONCLUSIONES 

Estreptomtcinoterapia de la Neumonia Tuhercidosa en Negros Adultos 

En4 de 15 negros adultos con neumonia tuberculosa tratada con estreptomicma 
notdse mejorla sostemda, en tanto que en los otros 11 un perlodo inicial de mejo- 
rla fu4 seguido de recalda Cronoldgicamente coordinados, la colapsoterapia 
adecuada u otros procedimientos quiriirgicos parecen ser coadjaivantes esenciales 
de la estreptomicinoterapia para obtener mejorla permanente en esta forma de la 
tuberculosis pulmonar, que es tan letal en los negros En 2 enfermos con en- 
fermedad de predominio umlateral en qmenes se ejecutaron neumonectomlas, la 
evolucidn postoperatona temprana ha sido alentadora 
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THE EFFECT OF ANTIHISTAMINE MEDICATION ON THE 
TUBERCULIN REACTION IN CHILDREN^ 

ELI FRIEDMAN AND IRVING SILVERMAN 
(Rccencd for publication March 16, 1949) 

IKTRODTTCTION 

Tlie literature of late has had several articles attesting to the effectiveness of 
antihistamine agents in partially or completely mlnbitmg histamine v heals, 
allergic n heals, and passive transfer wheals L^’-pica! of such reports is one by 
Elias and McGavick (1), m vhich nonallergic patients were subjected to hista- 
mine skin tests before, during, and after oral administration of Benadrjl A 
definite dinunution in both wheals and ei^^thema was noted after three days of 
oral treatment with 100 mg of the drug daily Arbesman ci al (2) observed 
similar results using a dosage of 50 to 100 mg of oral I^rribenzamme and skin 
testing mth histamine or allergens (ragweed, timothy, et cetera) forty-five 
minutes later 

It IS surprising that, despite the widespread interest in the effects of the 
antihistamine agents on allergic manifestation, \eiy little has been reported on 
the effect of these drugs on so common a reaction as the tuberculin test which is 
generally regarded as allergic m nature Boquet (3) tested the action of several 
antihistamine agents on the intradermal tuberculin reaction in guinea pigs and 
was unable to find any inhibitmg effect R TV Sarber (4), on the other hand, 
reports positive results on the tuberculin reaction in guinea pigs He administered 
Benadryl subcutaneously m a dosage of 50 mg per Kg to 30 gumea pigs in which 
tuberculm sensitivity had been induced by the intraperitoneal injection of a 
suspension of mixed human and bovine stram of tubercle bacilh'^he conclusions 
reached by Sarber are that m adequate dosage levels Benadr}’'! causes a reduction 
m the tuberculin skm reaction and markedly reduces the incidence of necrosis 
m guinea pigs On the basis of these findings he states that it is important to 
determine whether an individual being tested is receiving any antihistamine 
compound at the time of tuberculm testing before correct mterpretation of a 
negative readmg can safely be made A search of the literature failed to reveal 
any similar careful studies performed on humans 

In the present study observations have been made on the effect of orallj’’ 
administered Tripelennamme Hydrochloiide (Ryribenzaimne Hydrochlonde- 
Ciba) on the tubercuhn reaction m 43 children knoum to be positive reactors to 
tuberculm 


METHOD OF INVESTIGATION 

The study was conducted at the Prendergast Preventorium for Children The 
substance used for mtradermal testing was old Tuberculm, supplied by the 
Massachusetts Department of Pubhc Health To avoid the possibility of severe 

> From the Prendergast Preventorium, Boston, Massachusetts 
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reactions, and m an effort to obtain as nearly as possible threshold levels of 
tuberculin, a dilution of ] 100,000 (001 mg) uasused Forty-eight clear and 
definite reactions ucrc read on the basis of the extent of induration and crj'lhonia 
after forty-eight hours 

Several dajs later 13 of the children, whose ages ranged between five and 
elexen jears, were gnen Pyribcnzaminc m the dosage of GO mg daily for two 
da 5 s before the tuberculin test was repeated After the test, the Pyribcnzaminc 
administration was continued in the same dosage for another two dajs, at which 


TAIILC 2 

Centrals mthoul Pyrtbentamtne 



lK*DLfcATlOS 

TOTAL 

jvDCXAnov 

TOTAL larmiMA 


fn« 

n*n 


rn 

1 N L 

14 bj 12 

20 bj 33 


25 bi 20 

2 J D 

10 by 10 


7 b> 10 

20 bi 32 

3 F M 


25 bj 15 

12 bi 1C 

35 bi 40 

4 D G 

IS bi 25 



24 bi 34 

6 J P 


10 bj 20 


32 bi 41 


TABLE 3 


TuberatUn {I 100,000) Reacltons vnth and tctlboul Pyrrhcnzamxne 



vrmiovT n’WBcvTAiovx 

wmt TvainrstAiiixt 2t0 uc 

DAILY TOE rOUE DA\S 

Induration 

Total Crj thema 

Induration 

Total Erythema 


f«m 

mrt 

f n 

nn 

1 J G 


20 by 25 

10 bi 20 

37 bi 70 

2 B N 


25 bi 25 

14 bi 10 

30 bi 38 

3 C D 

n 

22 bi 30 

15 bi 15 

24 bi 25 

4 J W 

10 by 12 

15 by 22 

20 bi 24 

30 bi 40 

5 G K 

10 by 5 

IS bi 30 

IS by 20 


0 D K 

10 by 8 

3S bi 30 

17 bi 21 

42 by 60 

7 A L 

8 by 10 

20 bi 15 

12 bi 17 


8 F M 

10 by 10 

25 by 45 

15 bi 16 

35 bi 40 

9 D G 

18 by 25 


10 bi 10 

24 by 40 

10 J P 

10 by 11 

16 by 20 

14 by 22 

35 bi 50 


time a second reading was made (table 1) The remammg 5 children w'ere not 
given Pynbenzamme but were retested wnth the others to act as controls of the 
intensity of the tuberculm reaction itself (table 2) 

At a later date, 10 of the above children w'ere again studied using larger doses 
of Pynbenzamme (240 mg daily for two days) The}’’ w'ere retested witli 1 100,- 
000 tuberculin which was follow’ed by two more da 5 ’’s of Pjonbenzamme in 240 
mg doses before final reading (table 3) Here again a group of 5 children were 
tested as controls ■without receiving the antihistamme agent (table 4) 
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RESULT 

It maj be seen fiom the data in tables 1, 2, 3, and 4 that I^uibenzamine, m 
the stated doses, had no inhibiting cfTcct on tuberculin reactions in children No 
toMc efTects ncrc noted from the medication An interesting sidelight noted was 
that se\ einl of the children who received Pyribcnzamme had marked relief from 
pruritus caused by insect bites and dermatitis venanata 


TABLE 4 

Controls without Pynbemamme 




TOTAL ERVnmiA 

INDURATION 

TOTAL ERVraE«A 


frn 

frn 


ffifr 

1 R H 

10 bj 10 

2S by 20 

12 by 10 


2 K S 

10 by 10 

18 by 26 

Sby 15 

24 by 48 

3RD 

10 bj 10 

40 by 25 

15 by 10 

Wilgg.-W 

4 K K 

10 by 10 

15 bj 15 

18 bj 20 


5 D 

10 by 10 

20 by 26 


24 by 47 


DISCUSSION 

Although the various antihistamine diugs show considerable variation m their 
chemical structure, their therapeutic results, with the exception of side effects, 
are quite similar It is probable, therefore, that these findings wath the use of 
Pj ribenzarame w ould have been repeated if any other antihistamme drug in the 
same comparative dosage had been used 
The fact that antilustamine drugs have no perceptible effect on the tuberculin 
slon test corroborates the view's of Zinsser (5) on the nature of the allergic 
response involved in the development of the tuberculin skm tests Accordmg to 
Zinsser there are tw o types of allergic responses on the part of the body to the 
tubercle bacillus and its products One is an anaphylactic reaction, which is a 
protein reaction of the immediate edema-hypermia (w'heal type) The other is a 
tuberculin ts'pe reaction caused by the bacterial organism resultmg m a delayed 
inflammatorj’’ reaction, causing moie profound damage to the tissues 
The anaphylactic type reaction, according to Lew'is (6), is caused by a hista- 
mmc-like substance which is freed at the site of a local allergic reaction as a 
result of cellular injury This histamine-like substance then reacts on the tissues to 
produce a characteristic “triple response” local dilatation of the small vessels, 
increased permeability, and diffuse dilatation of nearby arterioles The classic 
example of this phenomenon is the resulting wheal when a specific antigen is 
mtroduced into the skin of an allergic individual and this reaction is inhibited 
by antihistamines 

In the tuberculin type reaction, it is probable that histamme does not play 
an important role It is usualb’’, although not always, dependent on the presence 
of tuberculous infection, is independent of anaphylaxis, and from the present 
findings IS not inliibited by antihistamine medication 
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CONCLUSIONS 

1 PyTibenzamme m an oral dose of 60 mg daily for four days had no inhibiting 
effect on the tubercuhn reaction of 43 children ranging m age from five to eleven 
years 

2 Pyribenzamme m an oral dose of 240 mg daily for four days had no effect 
on the tuberculin reaction of 10 children 

3 In routme tuberculm testmg one need not be concerned as to whether the 
patient is receivmg Pyribenzamme, or any antihistamme medications, during the 
same period 

4 It IS believed that the observations presented are in agreement with the 
belief that a basic difference exists between tuberculo-allergy and tuberculo- 
anaphylaxis 


CONCLUSIONES 

Efecto de la Medicacion Anitinsiamimca &ohre la Reacadn a la Tiiherculina 

en los Ninos 

1 La pinbenzamma, a dosis oral de 60 mg diarios durante cuatro dias, no 
ejercid efecto inhibidor sobre la reaccidn a la tuberculma en 43 nines de cinco 
a once auos de edad 

2 La pinbenzamma, a dosis oral de 240 mg diarios durante cuatro dfas, no 
mostrd efecto sobre la reaccidn a la tuberculma de 10 niiios 

3 En la comprobacidn comente con tuberculma, no hay que prestar atencidn 
a SI el sujeto recibe o no pinbenzamma u otra medicacidn antihistaminica durante 
el mismo perlodo de tiempo 

4 Parece que los datos aqui ofrecidos confirman la creencia en una diferencia 
bdsica entre tuberculo-aler^ia y tuberculo-anafilaxia 
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CHEMOTHERAPY OF MURINE LEPROSY^-^ 


CHARLES M CARPENTER,* HERBERT E STOKINGER, LEIF G SUHRLAND, 

AND HELEN ACKERMAN 

(Received for publication February 2, 1949) 

INTEODTJCTION 

The rapid development of chemotherapy in the past decade has stimulated 
renewed mterest in the treatment of diseases caused by acid-fast organisms 
Several of the recently developed therapeutic agents have been evaluated m lep- 
rosy, but few investigators have concerned themselves with therapy in experi- 
mental munne leprosy Faget and Tns colleagues (1, 2) observed that human 
leprosy is benefited by treatment with either Promm or Diasone Also Muir (3) 
reported favorable results from the use of Diasone Few data are available on 
the therapeutic efficacy of the antibiotics Penicilhn was used unsuccessfully m 
the treatment of human leprosy by Faget and Pogge (4) The vagaries of Han- 
sen’s disease, however, make the evaluation of therapeutic agents difficult, and 
the chromcity of leprosy necessitates years of observation during which tune 
many uncontrolled variables are introduced 

The need for an experimental animal to amass accurate data is urgent, but 
as yet no animal host has been found to be susceptible to Mycohaclenum leprae 
of human origin Murine and human leprosy are sufficiently similar, however, 
to consider possible the application of data from experimental chemotherapeu- 
tic studies of the murine infection to the disease in man Although Fite (5) ob- 
served minor differences in the microscopic pathology of the two types of infec- 
tion, it IS still a matter of speculation whether they reflect differences in the 
host or the parasite Few studies on the chemotherapy of murine leprosy have 
been earned out A recent report by Cowdry and Ruangsin (6), who employed 
Promm m the treatment of rats with well-developed leprous nodules, concluded 
that it had “no consistent effect” on the histologic structure of the lesion, al- 
though the general health of the anunals was improved Because of the paucity 
of data on the evaluation of recently developed therapeutic agents in murine 
leprosy and their possible use in human leprosy, the present investigation was 
undertaken to compare the therapeutic efficacy of Promm, Diasone, penicillin, 
and streptomycin, emplojnng dosages equivalent to those recommended m man 

UtATEIlIAI/S AND METHODS 

Two strains of munne leprosy u ere employed in the experiments One strain, wluch has 
been carried through several passages in u hite rats in the laboratories of the Department of 
Bacteriology of the University of Rochester School of Medicine and Dentistrj , u as obtained 

* From the University of Rochester School of Medicine and Dentistrj , Rochester, New 
York 

’ This investigation was supported by a grant from the Division of Research Grants and 
Fellowships of the National Institutes of Health, U S Public Health Service 

• Now at the School of Medicine, University of California, Los Angeles, California 
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from Krakow er and Gonzalez (7) who recovered it from a mouse caught at the School of 
Tropical Medicine, San Juan, Puerto Rico The other strain w'as supplied by Sellards of 
Harvard Universitj approximately ten jears ago and has been in experimental use ever 
since 

The inoculum was prepared from a subcutaneous leproma removed aseptically, placed m 
a sterile mortar, minced w ith scissors, and ground w ith alundum Sufficient 0 85 per cent 
sodium chloride solution was added to obtain approximately a 20 per cent suspension 
Films were then prepared from the suspension, stained, and observed to determine the rela- 
tive number of acid-fast organisms 

Groups of from 10 to 20 w lute rats, Wistar strain, not over 3 months of age and weighing 
from 150 to 200 Gm , were inoculated subcutaneously with 0 2 ml of the suspension rich in 
acid-fast bacilli The usual site of injection was in the region of the right precrural lymph 
node In each experiment a group of 5 rats was injected w ith inoculum that had been heated 
to boiling maw aterbath for ten minutes The groups receiving this inoculum served as con- 
trols for possible nonspecific reactions due to either altered protein or to dead acid-fast bacilli 
and their products All animals were maintained on a diet of Purina Fox Chow 

Therapy with Prormn^, Diasone', Penicillin', and Streptomycin^, was earned out as 
follows Approximatelj 50 mg of Promin were fed daily m the diet for the duration of the 
experiment It was prepared by adding 4 mg of Promin to each Gm of food, of which each 
rat consumed from 10 to 15 Gm per day One-half Gm of Diasone per Kg of body weight 
was injected subcutaneously dailj for five months beginning the day of inoculation The 
Diasone was dissolved in an 0 85 per cent saline solution A single dose of 1,000 units of 
aqueous sodium penicillin was injected subcutaneously near the point of inoculation daily 
for five months In the case of streptomycin, three treatment schedules were evaluated, 
25,000, 50,000, and 100,000 y per Kg of body weight daily The streptomycin was injected at 
intervals of eight hours for fixe days, totaling 125,000, 250,000, and 500,000 y per Kg of body 
weight 

The therapeutic efficacj of streptomycin was evaluated only in advanced murine lep- 
rosy, namely, an infection w hich had progressed six months and exhibited well-developed 
lepromata, and in some instances ulcers, at the site of inoculation In this expenment, both 
the “Harvard” and the “Puerto Rican” strains were injected into the left gastrocnemius 
muscle of one group of rats and subcutaneously near the sacral region of another The latter 
area was selected to determine if lepromata on the back were less prone to secondary in- 
fection than ventrally located lesions A third group was inoculated intramuscularly as 
described above w ith the “Puerto Rican” strain Six months after inoculation all of the rats 
in the above groups had well-developed lepromata, and clinically the two strains were in- 
distinguishable at the time therapy was initiated 

The animals were examined three times weekly for clinical evidence of disease Lepro- 
matous lesions, if present, were measured by the same person with the aid of a plastic ruler 
Autopsies were performed on all animals at the time of death or whenever an experiment 
was terminated Films for acid-fast bacilli were prepared routinely from tissue at the site 
of inoculation, from the liver, spleen, and lung, as well as from any other tissue where 
macroscopic abnormalities xvere observed Cultures for evidence of intercurrent infection 
were made from the heart’s blood and occasionally from other sites, provided that the con- 
dition of the animal was suitable for bactenologic examination when examined post mortem 
Whenever doubt existed concerning any lesion observed grossly, histologic sections were 
prepared and examined microscopicallj 

' Promin w as supplied by Parke-Daxns and Company, Detroit, Michigan 

' Diasone was furnished by the Abbott Laboratories, North Chicago, Rlinois 

'Penicillin was provided by the Lederle Laboratories Division, American Cyanamid 
Company, Pearl River, New York 

^ Streptomycin was made available by Merck and Company, Inc , Rahw ay. New Jersey , 
and by Sqmbb Institute for Medical Research, New Brunswick, New Jersey 
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The course of the disease geneially progressed m the following manner After 
inoculation, the infected animal continued to gam weight and otherwise ap- 
peared normal for two to three months, at w'hich time a palpable lepioma usu- 
ally formed at the site of inoculation As the local lesion became laiger, the in- 
fection spread to other organs, particularly to the adjacent lymph nodes, the 
spleen, liver, and lungs The hair became coarse, alopecia developed, and the 
animal became emaciated Subsequentlj’’, e\tensivc ulceiations occurred over 
the Icpromatous masses Not infrequentl}'' cpicardial lesions developed Death 
usually occurred within eight to fouitcen months after inoculation During the 
advanced stages of the disease the animals were prone to intercuricnt infection 
and care was taken to isolate such anunals immediately 

RESULTS 

Promm 

A dosage of appro\imately 50 mg of Promm administered daily as a component 
of the diet did not prevent the development of murine lepiosy nor change the 
character of lesions typical of the disease This dosage ictarded the growdh of 
the leproma at the site of inoculation, how'ever, and delayed the progress of the 
disease, thereby increasing the suianval time of tieated rats As soon as the in- 
fection became w ell established the pathogenesis of the experimental disease was 
not unlike that observed m untreated rats Of 20 infected rats treated wnth 
Promm, one died of an intercurrent infection one week after the study w'as un- 
dertaken A year later, 18 (95 per cent) of the remaining 19 rats still survived 
as compared w ith 15 (75 per cent) of a group of 20 untreated animals employed 
as controls The physical condition of the treated rats w'as superior to that of 
the untreated controls, many of whom were moiibund Eighteen months after 
the experiment w'as undertaken only 2 (10 per cent) of the controls were living 
as compared wath 9 (47 pei cent) of the rats receiving Promm In both groups 
of rats the disease w'as advanced, how'ever, and because of their moiibund state 
the animals w'ere sacrificed (table 1) 

Diasone 

A dosage of 0 5 Gm of Diasone per Kg of body weight injected subcuta- 
neously daily for five months failed to suppress the development of lepromata 
The course of the disease in the treated rats progressed like that of the untreated 
controls and 14 (93 per cent) of 15 treated rats had nodules from 0 5 cm to 2 0 
cm m diameter at the time the drug was wnthdrawm One of the rats had died 
as a result of an accident Seven (70 per cent) of 10 untreated controls had simi- 
lar lesions Ten months after inoculation, 12 (80 per cent) of the rats receiving 
Diasone still survived They w'ere very ill, however, and 6 had large lepromatous 
ulcers at the site of inoculation Seven (70 per cent) of the untreated rats were 
living, 2 of which had ulcerating nodules comparable to those present in the 
treated group During the next month so many deaths occurred as a result of 
an intercurrent pulmonary infection the experiment was terminated (table 1) 
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Pcmcillin 

Tlicrapy with a single daily dose of 1,000 units of aqueous sodium penicillin 
for five months failed to influence the course of the disease and the treatment 
was discontinued Seventeen (S5 per cent) of 20 animals had lepromata from 0 5 
cm to 2 0 cm in diameter Fifteen (75 per cent) of 20 untreated controls had 
similar nodules The experiment was terminated one year after treatment was 
initiated, at which time 12 (SG per cent) of 14 of the survivung rats had large 
lepromatous ulcers as compared w ith only G (40 per cent) of 15 untreated con- 
trols As a matter of fact, the general physical condition of the surviving treated 

TABLE 1 


Comj)aralxie Therapeutic Ejlficacy of Promin, Diasone, and Pcnxalhn xn Experimental 

Murine Leprosy 
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Penicillin 

Treatcd§ 
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5 

20 
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14 

70 
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20 

5 

20 
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12 

15 

75 


* Appro\imately 60 mg administered m the diet dailj for duration of experiment 
1 20 animals in original group, one died of an intercurrent infection one week after 
inoculation 

t Administered 0 5 Gm per Kg body weight dailj , subcutaneouslj for 5 months 
§ Administered 1,000 units dailj , subcutaneouslj for 5 months 

rats was considerably worse than that of the untreated controls, all of whom 
showed marked evidence of disease (table 1) 

Streptomyan 

Streptomycin in the dosages employed did not retard the progress of advanced 
lesions of munne leprosy The survival time of some of the treated animals 
exceeded that of the untreated rats by one to two months The average survival 
time of 15 rats treated with a total dosage of 125,000 y per Kg of body w eight 
was 9 7 months, of 15 treated with 250,000 y per Kg of body weight was 10 4 
months, and of 18 treated with 500,000 y per Kg of body weight was 9 1 months 
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The average survival time of 15 untreated controls was 9 0 months The rats 
receiving 50,000 y of streptomycin per Kg of body weight per day survived on 
the average of 1 4 months longer than the controls The lats treated daily for 
five days with 25,000 and 100,000 y of streptomycin per Kg of body weight 
showed little increase in longevity over the untreated control animals (table 2) 
No difference in the resistance of the two strains of munne leprosy to strepto- 
mycin was detected 

The group of 20 control rats injected with the heated inoculum remained nor- 
mal throughout the 18 months’ observation period, at which time they were 
sacrificed Films prepared from tissue removed from the site of moculation 
showed no acid-fast bacilli 


TABLE 2 

Evaluation of Streptomycin in Advanced Murine Leprosy 


DAILY DOSAGE 

1 

TOTAL DOSAGE S DAYS 

KmiBEE EATS 

AVERAGE 
MONTHS SUS 
VIVAL 

y per Kg boiyueighl \ 



25,000 

125,000 

15 

9 7 

50,000 

250,000 

15 

10 4 

100,000 

500,000 

18 

9 1 

Untreated 

Heated inoculum 

1 Controls 

15 

15 

9 0 

18 0* 


* Sacrificed after 18 months 


DISCUSSION 

Evaluation of the therapeutic efficacy of drugs m leprosy is difficult because 
observation of the patient is required from the time therapy is initiated until 
death occurs In murine leprosy the problem is still laborious because approxi- 
mately one year is reqmred to complete a single experiment Nevertheless, data 
that may be valuable m solving the problems of Hansen's disease can be accumu- 
lated comparatively rapidly from studies of the experimental infection m rats It 
IS significant that the results obtained with Promm, Diasone, pemcillin, and 
streptomycin in murine lepiosy are not inconsistent with the information ac- 
quired to date on the tieatment of leprosy in man None of the four agents 
effected a cure, but Promm maikedly suppressed the infection in lats Further- 
more, the general health of this group of animals during the course of the disease 
was superior to that of the untreated controls In these preliminary studies, only 
a single dose of the drug was tested, except in the case of streptomycin Although 
the amounts of the drugs employed were in the same range as those used in 
man, as yet only the effect of the minimal dosage has been observed Further- 
more, in our studies Promm was administered orally vuth the food, whereas it 
was injected intravenously for the treatment of human leprosy (8) Unfortu- 
natelj’-, facilities and peraonnel vere not available to test a senes of dosage levels 
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In animals Mith ad\anccd lesions, streptomycin appeared to possess only 
minimal therapeutic value, even vith dosages equivalent to 6,000,000 7 per day 
for a man weighing 60 Kg It was anticipated, hovever, that treatment for a 
five day period would probably be inadequate More recent studies, which will 
be reported later, on the therapeutic efficacy of streptomycin in early murine 
leprosj', in which the treatment was initiated on the day of inoculation and car- 
ried out for se\eral weeks, are likewise disappointing These observ'ations are in 
contrast to prchminarj' studies tn vitro on the cfTect of streptomycin on Mycobac- 
terium leprae murium m suspensions of Icpromatous tissue In these expenments 
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Fig 1 Comparative therapeutic efficacy of Promin, Diasone, and penicillin in expen' 
mental murine leprosy 

the drug appeared to exert rather marked bacteriostatic and bactericidal action 
as determined by animal inoculation of the treated suspensions 
Therapy foi five months ivith either Diasone or pemcillm failed to alter sig- 
mficantly the course of the disease Although treatment w’as not continued 
throughout the course of the disease, as ivas the case wnth Promm, it was ob- 
vious at the termination of therapy that no benefit was being denned from 
their use 

The above observations constitute only modest begmmngs in this field and do 
not engender pessimism Because of the slowly progressive character of murine 
leprosy, many months were required to become thoroughly familiar wath the 
infection in order to develop a uniform experimental disease With a rat colony 
now well established, much more rapid progress can be made 
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SUMM \n\ 

1 The thcnpeutip efiicicv of Promin, Diasonc, and peniciUm in early munne 
Icprosv Ins been compired, eniplo\ing dosages approMinating those used m 
the treatment of lepiosj in man Sticptomvcin i\as evaluated m advanced mu- 
rine leprosv only 

2 Appro\imatclv 50 mg of Pioram, administered daily with the diet, sup- 
pressed the infection in rats and increased their longev ity compared to that of 
untreated controls, but failed to ofTcct a cure 

3 Strcptomvcin, emplojing daily dosages of 25,000, 50,000, and 100,000 7 
per Kg of bodj weight, administered subcutaneously cveiy eight hours for five 
dav's, had minimal therapeutic cfTects on advanced murine leprosy 

4 Neither Diasone, 0 5 Gm pei Kg of body weight, nor aqueous sodium 
penicillin, 1,000 units injected subcutaneously daily for five months, altered 
significantly the course of the disease 

SUMARIO 

Qunmotcrapia dc la Lepra Munna 

1 Empleando dosis aprovimadas a las usadas en el tratamiento de la lepra en 
el hombre, comjiardse la eficacia terapdutica de la promina, la diasona y la 
penicihna en la lepra munna temprana La estreptomicina fud valorada sola- 
mente en la lepra munna a\ anzada 

2 Apro\imadamentc 50 mg de promina administrados a diai 10 con el alimento 
supnmieron la mfcccidn on hs ratas y acrecentaron su longevidad, comparada 
con la de los testigos no tratados, pero no efcctuaron la curacidn 

3 La estreptomicina, empleada a dosis dianas de 25,000, 50,000 y 100,000 7 
por kg de peso y admimstrada subcutdneamente cada ocho horas durante emeo 
dlas, ejercid mmimo efecto terap 6 utico sobre la lepra munna avanzada 

4 Ni la diasona, 0 5 gm poi kg de peso del animal, m la penicihna sddica 
acuosa, 1,000 umdades, inyectadas subcutaneamente a diario durante cinco 
meses, alteraron en forma significativa la evolucidn del mal 
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DIHYDROSTREPTOMYCIN AND STREPTOMYCINi 

MORRIS SOLOTOROVSKY, HENRY SIEGEL’, ELIZABETH J BUGIE, akd 

FRANCIS J GREGORY 

(Received for publication February 23, 1949) 

INTRODtrCTION 

The successful use of streptomycin as a therapeutic agent for certain forms of 
tuberculosis has resulted m efforts to develop additional and improved antituber- 
culous agents and improved methods for in mtro and in vivo evaluation of such 
agents (I, 2) The guinea pig and the rabbit are highly susceptible to human and 
bovine types of M tuberculosis, and consequently were the first animals used for 
studies on the efficacy of antituberculous agents However, tests usmg these ani- 
mals require 60 days for evaluation if acute infections are used, and 120 daj^s if 
chronic infections are induced A more rapid and economical test using mice and 
requirmg only 28 days for completion has been mtroduced by Youmans (3,4) 
Martm (o) also recommends the mouse test 

Although it has been knowm that avian tuberculosis can be produced expen- 
mentally m the natural host (6), to our Imow ledge this mfection has not hitherto 
been investigated as a method for the evaluation of antituberculous agents 
Studies in this laboratory showed that a rapid and satisfactory infection could 
be produced m chicks by mtravenous inoculation of avian type tubercle bacilli 
and that the mfection responded to treatment with streptom 3 ’^cin Furthermore, 
good correlation was observed between the level of drug dosage and response to 
treatment The availability of dihj’-drostreptomycm offered an opportumt}’’ to 
apply the chick test to a comparative evaluation of streptom 3 fcm and dihydro- 
streptomyem 

Dihydrostreptomycm was first described b 3 ’’ Peck, et al (7) and shortty there- 
after Youmans, quoted by Bartz, ci al (8), found that its in mtro antituberculous 
activity was the same as that of streptomycm Freedlander and French (9) then 
reported that both drugs had equal m vivo activity agamst axperimental tuber- 
culosis m gumea pigs On the other hand, Donovick and Rake (10) reported that 
dihydrostreptomycm showed significantly lower in mtro antituberculous actnnty 
than streptomycm, m a more recent publication (14), however, they report the 
two drugs to be equal m activity One of us, in a recent report by Edison, et al 
(11), summarized the results of a comparison of the efficac 3 ’- of dihydrostreptomy- 
cm and streptomycm agamst avian tuberculosis, statmg that these drugs were 
similar m antituberculous activity both by in mtro and in vivo tests The present 
report is concerned with a description of the chick efficacy test and its applica- 
tion to the evaluation of streptomycin and dihydrostreptomycm 

’ From the Merck Institute for Therapeutic Research, Rahway, New Jersey 

’ Consultant Pathologist 
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MATERIALS AND METHODS 

ilf hibcrciilosis, human type, strain H37Rv and avian type, strain ICirchberg, were used 
in these studies The strains have been maintained by weekly serial passage in Dubos 
Tveen-albumm medium The drugs used were streptomycin calcium chloride complex 
(cr 3 'stalline), 87 5 per cent pure’ and dihydrostreptomycm tnhydrochlonde (crystalline), 
95 per cent pure* * 


Technique for m intro Tests 

Tests were performed both with Dubos Tween-albumm medium (2) and with Youmans’ 
modification of Proskauer and Beck’s synthetic medium (1) One ml amounts of aqueous 
drug solution sterilized by Seitz filtration were added to 9 ml amounts of medium The 
tubes were then inoculated nith 0 1 ml amounts of a 1 10 dilution of culture in Dubos 
medium adjusted with a Coleman 6A spectrophotometer to permit 90 per cent transmission 
of light at 620 mu The test cultures were observed for the presence of grov th after 14 days 
of incubation at 37'’C 


Technique for tn invo Tests 

One-to-three weeks old male vhite leghorn chicks were used The animals were fed a 
diet of Startena* ad libitum and were housed in an air-conditioned room at a temperature 
of SO'F In each experiment, the chicks were divided into groups of 10 having comparable 
average weights The animals were infected intravenously with 0 5 ml amounts of 14 to 21 
day old culture in Dubos medium adjusted \nth a Coleman 6A spectrophotometer to perimt 
60 to 63 per cent transmission of light at 620 mu 

Treatment was by the intramuscular route and was given six days per week for a period 
of si\ or seven weeks The drug solutions were prepared with distilled v ater to contain the 
desired daily dose per animal in 0 25 ml of solution The animals vere weighed once weekly 
and the estimated weight gam for the next neek was projected by analysis of the slope of 
the growth curve during the previous week The drug dosage for the week was then calcu- 
lated from the projected average weight As subsequently determined from the observed 
weights, the error in dosage was rarely greater than 5 per cent, greater deviations occurred 
only when animals were in the terminal phase of infection 

The chicks surviving at the end of the test period as w ell as those dying during the course 
of the experiment were autopsied The total body weights and the weights of the liver and 
the spleen were recorded Pieces of liver, spleen, kidney, and lung were fixed in 10 per cent 
formalin Histologic sections were stained with hematoxylin and eosin and, in the case of 
the liver, with an acid-fast stain 

To determine the extent and degree of the histopathologic changes, the following factors 
were analj^zed 

I The number of tubercles •per low power field 1 plus, indicating less than ten, 2 plus, ten 
to thirty, 3 plus, thirty to fifty, and 4 plus, over fifty 

II Amount of tissue replaced or displaced by the tubercles as observed per low power field 
1 plus, equivalent to less than 10 per cent, 2 plus, 10 per cent to 33 per cent, 3 plus, 33 per 
cent to 50 per cent, and 4 plus, oxer 50 per cent 

III The developmental stage of the tubercles Preliminarj'- studies confirmed Feldman’s 
description of the pathogenesis of the miliary tubercle (7) The different stages in the devel- 
opment of the tubercle were arbitranty divided Not all the lesions in any one organ were 
at the same stage but they were sufficiently uniform to fall into one of the following stages 

1 Small collections of epithehoid cells are observed 


’ Purity estimated by rotation These figures were obtained from Dr T J Webb of The 
Research Laboratories of Merck «L Co , Inc 

’ Produced by Rabton-Purina Company, St Louis, Missouri 



368 


SOtOTOROVSKY, SIEGEI,, BUGIE, AND GREGORY 


2 Tubercles arc larger and composed of epithelioid cells and a thin rim of histiocytes, 
lymphocytes, and an occasional granulocjtc 

3 The epithelioid cells are fused and vacuolated 

4 Necrotic changes are present w ithin the tubercle 

5 The centers of the tubercles are composed of necrotic epithelioid cells bordered by a 
laj cr of epithelioid sj ncytia and giant cells The outer zone is composed of epithelioid 
cells, histiocytes, and a fen fibroblasts arfid IjTnphocj tes Amjloid-like deposits mti} 
bo present 

6 At this stage the mature tubercle is found It is composed of four zones an inner 
necrotic zone, a zone of giant cells, a zone of epithelioid cells and histiocytes, and 
finally a zone of histiocjtcs, fibrous tissue elements, Ijraphocjtes, and amyloid-like 
deposits 

IV Cellular rcaclion The degree of cellular reaction nas estimated by the number of 
layers that the Ijmphocjtes and granulocytes formed about the average sized tubercle 
seen in the section One cell laj er n as indicated b> 1 plus, tn o cell laj ers by 2 plus, three 
cell layers by 3 plus, and four or more cell layers by 4 plus 

TABLE 1 


Effect of Various Doses of Slrcplomyctn on Mortality of Chicks Infected with M tuberculosis 

Avian Type, Strain Ktrchberg 


GftQtrp NGiCBER 

DOSE DKITS TTJL XG 
TZX DAY 

TREATUEST STARTED, WEEKS ATTER 

isjEcnov 

UORTAtlTY 

PER CXJfT 

1 

50,000 

0 

0 

2 

10,000 

0 

20 

3 

2,000 

0 

70 

4 

50,000 

2 

20 

5 

10,000 

2 

90 

6 

2,000 

2 

90 

7 

— 

— 

SO 

8 

50,000 

Not infected 

0 

9 

10,000 

Not infected 

0 

10 

2,000 

Not infected 

0 

11 

— 

Not infected 

0 


PROCEDURE AND RESULTS 

The results of the in vitro tests showed that both drugs inhibited avian type, 
strain Kirchberg at a concentration of 5 y per ml and human type stram H37Rv 
at a concentration of 0 5 y per ml The results v ere the same m Youmans’ modi- 
fication of Proslcauer-Beck medium and in Dubos Tween-albumin medium 
The effect of graded doses of streptomycin w'as studied m experiment 1 The 
chicks were divided into groups treated as shown in table 1 and the experiment 
was termmated 50 days after infection 
The data on survival, presented m table 1, indicated that streptomycin was 
effective and that efficacy was directly correlated with level of drug dosage 
Twenty per cent of the infected controls were alive at the end of the experiment 
Among the groups treated immediately after infection, 100 per cent of the 50,000 
unit group, 80 per cent of the 10,000 unit group, and 30 per cent of the 2,000 unit 
group were still alive When treatment was delayed for 2 weeks, the survival rates 
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were respectively 80 per cent, 10 per cent, and 10 per cent for the 50,000, 10,000 
and 2,000 unit groups 

Inspection of groii th curves, shown in figure 1, indicates that animals receiving 
60,000 units per day beginnmg immediately after mfection, as well as the unm- 
fected controls treated with streptomycm, gained weight at the same rate as 
normal controls With treatment at the 10,000 unit level begun immedi- 
ately after mfection and at the 50,000 unit level begun tw'o weeks after infec- 
tion (not included in figure 1), the rate of growth was depressed Chicks in the 

■ ■ NORMAL CONTROLS 



TIME AFTER INFECTION, WEEKS 

Fia 1 Grow th curv es of clucks infected w itU a\ lan tuberculosis and treated tnlli various 
doses of streptomjem 

2,000 unit groups and m the 10,000 unit group gnen dchjed treatment (not 
shown m figure 1) gamed weight at a decreasing rate and at the '=i\th week their 
weights tended to remain stationarj or to decline The growtli cuncs of the ani- 
mals m these groups were aboie tho=:c of the infected control 
The efficacy of dihydrostrcptonn cm as compared with ‘'trcptonncin was 
studied m exponments 2 and 3 In experiment 2 the dnigHucre "dmim<^tcrcd on 
an equal weight b'wi^ which did not compcns.ite for difference-' m (he c'-tisnatrai 
purity The higher dose w vs estabh'-hed at 77 mg per Kg }x'r dax , th's dose v,aH 
equivalent to 50,000 units per Kg per dax In experiment 3 the dnig dosage w as 
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adjusted to compensate for the differences m estimated punty The higher dose 
of streptomycin was agam 77 mg per Kg per da}*- and dihydrostreptomycm 
now 65 5 mg per Kg per day The lower doses were again one-tenth those of the 
higher ones 

The comparative efficacy of the antituberculous agents m these experiments 
was evaluated by an analysis of growth curves, mortality data, and pathological 
changes m the liver The growth curves for experiment 2 are shown m figure 2, 
those for experiment 3 were similar and are therefore not presented graphically 



Fig 2 Growth curves of chicks infected with anan tuberculosis and treated with strep- 
tomjem or dihjdrostreptomjcin 

The mortahty data and data on the amount of liver tissue replaced by tubercles 
are given m table 2 The pathological findings for experiment 3 are further sum- 
marized in table 3 

In both comparative tests the infected control animals gamed w eight at a nor- 
mal rate for the first 2 n eeks and then showed a progressively decreasing rate of 
growth Deaths occurred beginning with the third week At the end of the sixth 
week SO per cent of the controls v ere dead in experiment 2 and 90 per cent in ax- 
penment 3 Animals treated with the higher level of both drugs m both expen- 
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ments gamed weight at a rate slightly below that of normal chicks and the drug 
control groups There w'ere no significant differences between the weight curves 
of the groups given the higher doses of either drug 
At the lower dosage level, differences were observed m the rate of mortahty 
which could be correlated mth the amount of drug administered In expenment 
2, where identical weights of drug were used, no deaths were observed among 
chicks treated wuth dihydrostreptomycm but 50 per cent of the chicks treated 

TABLE 2 


Effect of Streptomycin and Dthydrostreptomymn on Mortality and Tissue Involvement of 
Chicks Infected with M tuberculosis Avian Type, Strain Ktrchberg 


GROUP 

DRUG 

DOSE UQ 
FUR KQ 


uoa 

TAl-lTY 
PER CENT 

AMOUNT 
OP EIVER 
TISSUE 
REPLACEU 
BY TU 
BERCLES 
AVERAGE 
OP GROUP 

Experiment 2 

1 

Streptomjem 


Not infected 

0 


2 

Streptomycm 


Infected 

0 

1 7-t- 

3 

Streptomycm 

7 7 

Infected 

60 

3 1+ 

4 

Dihydrostreptomycm 


Not infected 

0 

— 

5 

Dihydrostreptomj'cm - 

77 0 

Infected 

0 

1 5+ 

6 

Dihydrostreptomycm 

7 7 

Infected 

0 

3 0+ 

7 

None 

1 

Infected 

80 

4 04- 

8 

None 

— 

Not infected 

1 

0 

— 


Experiment 3 


1 

Streptomycm 

77 0 

Not infected 

0 

— 

2 

Streptomycm 

77 0 

Infected 

0 

1 7+ 

3 

Streptomycm 

7 7 

Infected 

50 

3 8-f 

4 

Dihydrostreptomycm 

65 5 

Not infected 

0 

— 

. 5 

Dihj drostreptomyom 

65 5 

Infected 

0 

1 9-f- 

6 

Dihydrostreptomycm 

6 6 

Infected 

40 

1 3 14- 

7 

None 

— 

Infected 

90 

3 84- 

8 

None 

— 

Not infected 

0 

— 


With streptomycin were dead at the end of the sixth week In expenment 3, in 
which the amount of dihydrostreptomycm administered was lowered to com- 
pensate for the higher purity as compared with streptomycin, the mortahty at 
the end of the sixth week for the dihj^drostreptomycin treated group was 40 
per cent as compared with 50 per cent for the group tieated with streptomycm 
The growth curves for animals receiving the lower dose of drug were inter- 
mediate betw’^een those for groups receiving the higher dose of drug and the in- 
fected control group The late of growth at the lower drug dosage began to de- 
clme m the third week and decreased progressively thereafter In expenment 2 
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the growth curves were closely similar until death ensued in the streptomj’-cm- 
treated group, whereas in experiment 3 the dihydrostreptomycin-treated chicks 
gamed weight more rapidly than those treated with streptomycin 

TABLE 3 

Htsiopaihological Changes tn Livers of Treated and Untreated Chicks Infected with Awan 

Tuberculosis, Strain Ktrchberg 


Experiment 3 


GROUP KUiEBER 

] 

CB3CK: 

NUUBE2 

NUitBER OT 
TUBERCLES 

AMOUNT or 
TISSUE 
INVOLVED 

ACE OF 
TUBERCLES 

DEGREE OF 
CELLULAR 
REACTION 

DIED OR 
SACRIFICED 

I Infected not treated 

228 

4+ 

4+ 

4 

0+ 

D 


229 

1+ 

2+ 

3 

4+ 

S 


230 

4+ 

4+ 

4 

0+ 

D 


231 

4+ 

4+ 

4 

0+ 

T> 


232 

4+ 

4+ 

4 

0+ 

D 


233 

4+ 

4+ 

3 

1+ 

D 


234 

4+ 

4+ 

4 

1+ 

D 


235 

4+ 

4+ 

4 

0+ 

D 


236 

4+ 

4+ 

4 

0+ 

D 


237 

4+ 

4+ 

4 

0+ 

D 

II Infected treated with 

238 

3+ 

2+ 

1 

2+ 

S 

streptomycin 77 mg per Kg 

239 

3+ 

2+ 

2 

2+ 

S 


240 

3+ 

2+ 

1 

3+ 

S 


241 

2+ 

2+ 

2 

1 2+ 

S 


242 

3+ 

2+ 

2 

; 2+ 

s 


243 

2+ 

1+ 

2 

! 3+ 

s 


244 

3+ 

2+ 

1 

2+ 

s 


245 

3+ 

2+ 

2 

4+ 

s 


246 

1+ 

1+ 

1 

4+ 

s 


247 

1+ 

1+ 

2 

4+ 

s 

IV Infected treated with di- 

258 

2+ 

1+ 

1 

3-f- 

s 

hydrostreptomycin 65 5 mg 

259 

3+ 

3+ 

3 

3+ 

s 

per Kg 

260 

1 2+ 

2+ 

1 

1+ 

s 


261 

I 2+ 

1+ 

2 

3+ 

s 


262 

1+ 

2+ 

1 

4+ 

s 


263 

2+ 

2+ 

1 

24- 

s 


264 

3+ 

2+ 

2 

2+ 

s 


265 

2+ 

2+ 

1 

2+ 

s 


266 

2+ 

2+ 

1 

4+ 

s 


267 

2+ 

2+ 

1 

44“ 

s 


The histopathologic findings in both experiments were similar (table 3) The 
bvers of the infected controls, most of Tihich died before the test was terminated 
at 42 days, showed that more than 75 per cent of the tissue field v as replaced by 
tubercles (4 plus lesion), the maximum amount of tissue reaction that could be 
ex-pected at this stage of the disease Little or no l 3 Tnphoc 3 ’'tic reaction was seen 
about the tubercles The spleens revealed a similar histopathologic picture and 
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the MCights of both hveis and spleens of the infected contiols weie gieatei than 
in the dmg-contiol oi noinial contiol buds The lungs and kidnes^s presented 
onlj^ an occasional tubeicle 

Both stieptomycin and dilnTiiostieptomj’-cin had a definite effect on the histo- 
pathologic pictiue At the highei level of tieatnient with both diugs, the tiibeicles 
in the In CIS imolved oi displaced less tissue, were fevei, smallei, at an eailiei 
stage, and weie suiiounded by a distinct coat of mhltiated cells, piincipally 
l 3 unphoc 3 tes The effect on the spleens paialleled that seen in the liveis but vas 
moie \aiiable The v eights of the hveis and spleens of these tieated animals 
aveiaged the same as noimal uninfected buds, name^'- 5 pei cent and 0 5 per 
cent, respectively, of the total body veight as compared with 15 pei cent and 
0 S pel cent of the total body weight in the infected controls The inciease in 



Fig 3A (Left) Livei of infected control chick, 6 w eeks after infection 
Fig 3B (Right) Liver of infected chick tieited with 65 5 mg of dihjdrostreptomjcin 
per Kg pel daj , 6 weeks aftei infection 


weights of the hveis and spleens in infected buds, both tieated and iintieated, 
coi responded with the amount of tubeiculous involvement 

In buds leceiving one-tenth of the higher dose, the effect of both dings was 
still quite noticeable It will be lecalled that at these levels the giowth cuues 
were above those for the infected contiols, and a higher piopoition of the tieated 
anmials as compaied wuth infected contiols were alive at the end of the test 
period Mici oscopic e\amination of the hveis, how ei ei , show ed a degiee of tubei- 
culoiis involvement appioacliing tint seen among infected contiols The extent 
of involvement in the spleen was less than that observed in the contiols, but 
theie was consideiable vaiiation m the leaction among indnidual tieated ani- 
mals 

Sections of livci stained b 3 '’an acid-fast technique levealed that the numbei of 
acid-fast bacilli piesent in the tubercles was diiecth'’ con elated with the degree 
of tubeiculous im olvement 

Pliotomiciogiaphs of livei from an infected contiol cluck and a tieated cluck 
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no 4 io\\n 111 (ij>;iiH' ^ suvill losjons mm ho ‘-oon m (ho ‘■odion of (ho h\oi 

of (ho (lo 1(0(1 ’iininal 

111 addhioii (o (lu' (hioo (iiaK umhI in (lio pios(>n( s(udios, sen on o(hoi diidv 
(os(s ha\o boon pinfoimod \\i(h (ho siino intocliiif!; nuKulnm In .dl hu( one of 
(ho 10 (nal^, S 0 (o 100 poi (onl of (honif<'((od ( oiOiols \\(‘io do id h\ (hoondof 
(ho ^o\on(h wook d'h( i i(o of jriowdi foi < links in all liiiNhof>;in (ododinehe- 
(woon (ho (hnd ind fouUh wooksand do(ioi‘'od i ipidh (hoioifloi 

nisf I sslON 

V\ lan (uhounloNis is now u'-od In oui 1 ihoi i(oi\ m*- ono of (ho in mo ‘•ticon- 
inji; mclhods foi uUiluhou ulous u(i\i(\ This mfodion ‘•hows i numhci of de- 
hii.ihlc foiluios Tlio 10-.1 .mini d is i inlinal h()‘'( foi (ho (h«oi‘'0, (ho ho-(-pii i- 
silo u'l i(ion‘'hip ‘•hows .i low dogioo of \ in>hih(\, and (ho lol i(ion‘-hip tan be 
(onliollod loidih In .iddidon, (ho dink !■• i dosn.ililo o\poiinion(al animil 
bo( auso Us j!;cnclK linos and mitiUional loqunomonls .no well known and signifi- 
( lilt iiUouuiioiU infodioiis no niinimil a( this igo Thoio !'• aKo i low iisk of 
1 iljoi x(oi \ iiifoi 1 Kill hot iiiso ,n lan 1 vpe i iioK ])i odm 0‘> di‘-o iso in ni in 

Wuh the diidv (ost, higliK lopiodiu iblo is-o-‘>moii( of (oinpii.Une cffitici 
m i\ be expected The lesuhs show (hit the f u toi- studied to deteimmc (he dc- 
giee of tiiboiculous iinohemeiit, n inioh , nioit ilitt lates, giowth tunci), raicio- 
s(opit dl inges, weights of li\ei iiid spleen, ind the mimboi of ieid-fis( bacilli 
picsent m the Inei, wcio geneialh diiecth toiiehted with ouh othei ^^cln^o 
obsened i higlici dcgice of taiiabilUt foi moit.ihtt i ites ind ippeuince of 
tuboKulous lesions m mice mledecl with lunmn (tpe As Ins been emphisized 
In othei nn estigatois, howccci, moit.ilitc In itself is not a highh lehable index 
of efRcacc" The inliilntion oi legiession of tubciculous lesions is the moic leliable 
ciitei ion 

In this icgaid, obscnations of both gioss ind mieiostojiic changes nixc be 
used in assessing effic.ac> b\ mouse .and gume i pig test methods In the cluck, 
the acute infection used m this stuch docs not leid to the foinntion of gioss 
lesions Consequently, the p ithological altei itions in the tissues aic dcteimined 
b}" micioscopic examination The unifoimitj’- of the distiibution of the lesions 
and then chaiacteiistic appeal ance simplify the eyaluation of the pathological 
changes 

The giowth cuiTe in the chick test is i useful index of moibiditc because the 
piogiessiye decieasc in the late of giowth of infected chicks as compaied with 
the noimal contiols closely paiallels the decelopment of the tubeiculous lesions 
The late of giowth is also useful m the guinea pig test, but the giowth of guinea 
pigs does not follow as piecise and piedictable a tiend as is obseiyed with chicks 
In the mouse test, a significant decline in animal weight occuis only in the tei- 
minal phase of infection 

The cluck test, howevei, does not completely leplace in vivo tests with human 
type 111 guinea pigs oi mice, since the agents to be tested may not possess the 
same degiee of activity against both human and avian type This diffeience, as 
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determined by in ulro tests, diould indic^e the degree of reliance that may be 
placed upon the chick, test 

Our in t ttro studies, showing that ilf tuberculosis human type is equally sensi- 
tne to streptomjem and dihydrostrcptomycin, are in agreement w'lth the find- 
ings of Youmans and Karlson (12) and Feldman, et al (13) Similarly the avian 
tjpe IS equalh sensitive to both drugs However, avian type is more resistant 
than human t^ pe to the action of both drugs 

Although the avian type was more resistant than human type to the action 
of streptomjcin and dihydrostrcptomycin in vitro and the test chicks were given 
a massive infecting inoculum, the infection was relatively sensitive to the action 
of both drugs Reports by other investigators indicate that, with mice, doses of 
Etreptom> cm in the range of 20,000 to 100,000 units per kg per day and, wath 
guinea pigs, 15,000 units per Kg per day are adequate to produce a good thera- 
peutic response In the chick a dose of 10,000 units per Kg per day produced a 
detectable therapeutic effect and 50,000 units were required to produce a marked 
effect The cluck thus compares favorabl}'' with the gumea pig or mouse when 
considering sensitn ity of response to streptomycin or dihydrostreptomycm The 
dosage range of 10,000 to 50,000 units per Kg per day corresponds roughly to a 
range of 0 5 to 3 Gm per day for man 

Our tn vivo studies showing that dihydrostreptomycm is as active as strepto- 
mycin are in agreement w ith the findmgs of Frcedlander and French (9) and Feld- 
man, Karlson and Hinshaw (13) using human t 3 ’-pe in the gumea pig, and Rake, 
et al (14) using bovine type in the mouse 

The data in this report do not indicate the effect of treatment on a w'ell-estab- 
hshed tuberculous process 

SUMMARY 

1 A new tn mvo test for assessment of antituberculous activity is described 
which emplo 5 ’'s intravenous inoculation of clucks with avian t 3 ’-pe of M tubercu- 
losis This test gives highly reproducible results The effect of treatment is eval- 
uated on the basis of grow'th curves, mortality data, and histopathologic changes 
in the liver The last includes the numbei of tubercles, the amount of tissue dis- 
placed or replaced by the tubercles, the age of the tubercles, and the degree of 
l 3 Tnphoc 3 '’tic and granulocytic reaction 

2 The method is applicable to substances showing comparable in vitro ac- 
tivity agamst human and avian types 

3 This test, applied to a comparison of the efficacy of dihydrostreptomycm 
and streptomycin, indicates that these drugs are of comparable efficacy agamst 
avian tuberculosis in the chick 

SUMAmO 

Valuaaon de los Agentes Antituberculosos con la Tuberculosis Amana de hs 
Polios Comparaaon de la Dihidroestrepiomicina y la Estreptomicina 

1 El nuevo ensayo in vivo aquf desento para la valoracidn de la actmdad 
antituberculosa utiliza la inoculacidn intravenosa de los polios con el tipo aviario 



376 


SOLOTOROVSKT, SIEGER, BTTGIE, AND GREGORY 


del M tuberculosis Este ensayo da resultados muy reproducibles El efecto del 
tratamiento se vaWa a base de las cun^as del desarroUo, los dates de mortabdad 
y las alteraciones histopatoldgicas en el blgado, comprendiendo estas liltimas 
ndmero de tub4rculos, proporcidn de tejido desplazado o suplantado per los 
tub^rculos, edad de los tub^rculos e intensidad de la reaccidn Imfocitana y 
granulocitaria 

2 El m^todo tiene aplicacidn a sustancias que revelen actmdad in vitro 
comparable contra los tipos bumano y aAoano 

3 Este ensayo, apbcado a una comparacidn de la eficaeia de la dibidroes- 
treptomicma y la estreptomicina, mdica que estas drogas poseen eficacia 
comparable contra la tuberculosis aviaria en el polio 
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INTEODtJCTTON 

Since 1930, there have been occasional references in the hterature to articles 
evaluating routine chest roentgenography of individuals admitted to general 
hospitals Perhaps the most outstandmg of these articles was that of Plunkett 
and Milcol m 1940 (1) These writers reviewed preceding articles by othera and, 
m addition, reported the results of a study of routme chest roentgenograms m 
nearly five thousand persons admitted to fourteen general hospitals They stated 

Because of the existence of tuberculosis in some of the patients who are admitted to 
general hospitals for other conditions, they constitute a population group of considerable 
importance in the epidemiology of tuberculosis While to the individual patient early diag- 
nosis IS important, the significance of this to the hospital personnel, the family and the 
community deserves emphasis Although \-ray films will discover these cases, nevertheless, 
the \-ray has not been as commonly used as the need would indicate for the diagnosis of not 
only tuberculosis but also other diseases of the chest 

The State Department of Public Health, acknowledging such a need m Tennes- 
see, offered to Baroness Erlanger Hospital m Chattanooga the permanent loan 
of 70 mm photo-roentgen equipment for the purpose of doing chest roentgeno- 
grams routmely on all persons admitted to the hospital This offer was accepted 
early m 1946 and the umt was delivered m March of the followmg year Pre- 
viously there had been put mto use by the Chattanooga-Hamilton County 
Health Department a stationary photo-fluorograph for clmic use, and a mobile 
unit for mass roentgenographic exarmnation of persons in industry, schools, and 
communities The equipment was placed at the general hospital, therefore, to 
round out the case-finding program and to make available to another population 
group routme chest roentgenograms for the discovery of cases of tuberculosis 

A brief comparison of the amount of tuberculosis found by the three photo- 
roentgen survey units now operatmg m Chattanooga is the purpose of this paper 

METHOD OF PKOCEDURE 

The stationary 35 mm photo-fluorograph in the Health Department clinic has been used 
since June 1944 to examine foodhandlers, contacts, teachers, barbers, and beauty operators, 
persons apph mg for employment in certain industries (pre-emplojment), patients referred 
by physicians, persons desiring roentgenograms because of symptoms or for some other 
reason, a few students referred from schools, and a miscellaneous group designated as 
"other ” Hereafter, the individuals included m this survej will be described as the “Climc 
Group” 

The mobile umt, a 70 mm. photo-fluorograph installed therein, has been in use smeo 
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Mnrch lOlG 1 Ito populnlion f^roupn MUrvojotl In tlnn iiiiil !ia\c l>''pn clnniifird n*! communilv , 
iiulii«lnril, and hcliool T lip t Iniqificition'i nre for llic most pirl itf'lf-c'xpinn itor\ Tfic com 
munil> },roup includes jx rsons in llic \nrious see! ions of Clmttnnooj.'innd IlnmiUon Countj 
who um ndiilts In iiir in rcsidcntiul nrew “I he industrmi ^roiiji in Huinilton Counlj consisls 
prinnril> of workers emplo3cd in textile pi uits, foundries, nnd rnctnl fnctoric'., snd in 
\nriouH Biniill mttnl, wood, nnd mnchiiie shops or fnclories 1 he school group is mode up of 
students IG.xesrs of ngo or o\er *1 he term "niohilc unit” will l>e used to refer to this wliole 
group 

In Itnroncss I rlnnger Hospital it was planned to obtain chest roentgenograms roiitincK 
on all iicrsons iidnuttcd to the hospital, but this was not attempted during the first %car 
Included in thehiir\e\ group nre einplojecs and service pitienls (nnj nonpaving patients, 
jinmardv indigent), nnd also a few private patients nnd persons referred from theemergenej 
room The term “hospital group” will be used in referring to this group of persons 

Analjpcs of the results of all three survevs were not made during the same jear hut the 
results arc, nevertheless, rcndtlj comparable Annljsos of the dime nnd mobile unit groups 
arc for the jcur 1910, nnd annlvsis of the hospital group is for the period Apnl 1 through 
December 31, 1917 \ii earlj report of this sort seems indicated because of the rolntivdv 
high percentage of pulmonarv tuberculosis discovered during the first jear in the group of 
persons who were routinclj examined rocntgcnographicalh on admission to the hospital 

TABLE 1 


licsuUi of Photo roentgen Lxaminattons from Three Types of Surtcys 
Chattanooga Hamilton County 
191G-1947 


Gtotr 

sryRcft 

l:XAlIlVtD 

CASTS 

VUyBTt 

rt»CEV*T 

Health department clinic, 1940 

13,900 

3S3 

2 7 

Mobile unit, 1910 

14,293 

290 

2 0 

Hospital unit, 1947 

5,1S7 

193 

3 7 

All surv oj's 

33,440 

SCO 

2 C 


SUItVETi FlNDIIsGS 

Thus far approximately 113,500 examinations were made with the photo- 
fluorographic units in a community with a population of 193,591- In 1946, as 
may be seen in table 1, there were 13,906 first examinations at the clinic, 14,293 
first examinations at the mobile unit, and in 1947 tliere were 5,187 first examina- 
tions at the hospital Tlie number of cases of tuberculosis discovered as a re- 
sult of first examinations in the combmed surveys and in different types of sur- 
veys may be seen m table 1 

In the three types of surveys combined, 33,446 patients receix ed chest roent- 
genograms for the first time Of this group, 866 persons, or 2 6 per cent, w^ere 
found to have definite tuberculosis (table 1) In contrast to this average rate for 
the whole group, the percentage of persons found to have tuberculosis on ex- 
amination at the mobile unit w^as 2 0, while in the Health Department clmic 
the percentage was 2 7 In the hospital group the relatively high percentage of 
3 7 persons with tuberculosis was discovered 


’ Estimated population in 1946, Tennessee Department of Health 
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The efficiency of the three types of sun’-eys m finding cases of tuberculosis in 
the population may also be seen in table 1 Three and seven-tenths per cent of 
the hospital group veie discovered to have tuberculosis in contrast to 2 7 of the 
Health Department clinic group and 2 0 of the mobile unit group 

DISCUSSION 

Although the highest percentage of cases of tuberculosis (3 7) was found m the 
hospital group, tlie finding of 2 0 and 2 7 per cent of persons examined with tuber- 
culosis in mobile unit and clinic groups should not be minimized Such surveys 
have proved their value during recent j’^ears and there are many references in 
the literature concerning the success of mass roentgenographic studies Never- 
theless references to articles setting forth the value of routine roentgenographic 
examination of hospital admissions are lather few and far between Such articles 
as are found stiess the nslc to the medical student, nurse, or hospital employee 
of cases of unrecognized tuberculosis in the hospital population, but few dwell 
at any length on the exceptional opportunity for tuberculosis case finding pro- 
vided by the hospital population Moi cover, references to the responsibility of 
general hospitals in the case-finding program are strikingly absent from the liter- 
ature It V ould seem that the finding of a high percentage of cases of unrecognized 
tuberculosis among hospital employees and patients imposes a responsibility 
that IS difficult to ignore 

It IS of interest to consider brieflj'- the makeup of the hospital survey group 
as compared to the Health Department dime group The mobile unit population 
composition is obvious from the titles of the previously mentioned subgroups 
(industry, community, school) In none of these subgroups has the finding of 
tuberculosis been higher than 2 7 per cent There is no outpatient tuberculosis 
clinic in connection with Baroness Eilanger Hospital, and patients are admitted 
for hospital and clinic services for any of the many reasons for which general 
hospitals admit and care for patients Outside of the fact that the patient enters 
the hospital or outpatient department for some complaint other than tubercu- 
losis, and except for diabetic, tumor and veneral disease dimes (which might 
be expected to have considerable unrecognized tuberculosis), there is no special 
subgroup that contributes to the high percentage (3 7) of persons found m the 
hospital population with tuberculosis On the other hand, in the clmic were ex- 
amined such subgroups as contacts (5 5 per cent with tuberculosis), barbers and 
beauty operators (7 7 per cent), and patients referred by physicians (9 3 per 
cent), m all of whom cases of tuberculosis were discovered relatively frequently 
This makes it all the more apparent that routme chest roentgenographic exami- 
nations of patients admitted to general hospitals should be seriously considered 
as a responsibility of the hospital and as its contribution to the commumty tuber- 
culosis control program 

The success of any tuberculosis case-finding program depends upon the finding 
of early cases of the disease In the clmic and mobile unit groups it was not un- 
usual to find that 65 to 70 per cent of the lesions discovered were mmimal m ex- 
tent For this leason it was quite surprising to learn that among the hospital 
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population examined 92 per cent of the lesions were minimal in extent In only 
7 per cent of the patients were the lesions moderately advanced and in only one 
per cent were the lesions far advanced Minimal active lesions comprised 21 
per cent of the total number of cases of tuberculosis discovered The amount of 
tuberculosis found among young adults was also quite high in the hospital group 

With the advent of photo-fluorography it was expected that many general 
hospitals would take advantage of this economical technique and adopt chest 
roentgenograms as a routine procedure This did not occur As late as 1945, 
Hilleboe and Morgan (6) reviewed the work of investigators m Ann Arbor, New 
York, and Chicago where from 1 5 to 2 8 per cent of persons admitted to general 
hospitals were found to have reinfection type tuberculosis They concluded that 
the value of mass radiographic methods m the examination of persons admitted 
to general hospitals was evident Furthermore, they hoped that soon all general 
hospitals would provide routine roentgenographic examinations of the chest as 
they were already providmg routme serologic tests for syphilis 

Plunkett and Mikol, in reviewmg the studies of Mills and Stewart (2), Hodges 
(3), and of Pohle, Paul and Oatway (4) pointed out that these various authors 
had discovered sigmficant reinfection type tuberculosis in 0 3 per cent to 1 4 
per cent of persons who had routine chest roentgenograms on admission to a hos- 
pital The cases discovered were not detected clinically, were unsuspected, and 
were admitted to the hospitals for reasons other than tuberculosis They would 
have remamed undiscovered cases of the disease during their hospital residence 
if a roentgenographic exammation had not been made Each of the three studies 
reviewed included children, and the surveys were also conducted in hospitals m 
the Midwest where tuberculosis morbidity and mortality are relatively low 

In their own study in upstate New York, Plunkett and Mikol (1) reported 
the results of 4,853 routme chest roentgenograms of persons over 15 years of 
age admitted to general hospitals As a result of the roentgenographic examina- 
tions, 128 patients or 2 6 per cent were found to have reinfection type tubercu- 
losis In the whole group, 51 individuals, or 1 1 per cent, had significant lesions 
In contrast, the relatively similar group of 5,187 persons exammed at Erlanger 
Hospital in the same type of program, yielded 193 patients, or 3 7 per cent, mth 
reinfection type tuberculosis Moreovei, of those found to have tuberculous 
lesions, 21 per cent were considered to have minimal active pulmonary tubercu- 
losis It IS estimated that of the whole group examined between 1 3 and 1 5 per 
cent will prove to have clmically sigmficant lesions after more piolonged study 
Plunkett and Mikol pomted out the magnitude of the tuberculosis problem in 
general hospitals They also stated in part, “In view of the unquestioned value 
of the x-ray its comparatively low average utilization for chest conditions is 
regrettable ” 

Chadwick and Pope (5) in 1942 confirmed the serious risk to student nurses 
and medical students of unrecognized cases of tuberculosis in hospitals, but 
they stated further, “General hospitals, also offer a fertile field for case 
finding Obviously routine x-ray of all general hospital admissions would do 
much to uncover unrecognized tuberculosis m the community ” 
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These various authors have clearly emphasized the value of tuberculosis case 
finding in general hospitals To date, however, mass radiographic procedures 
are taken for granted m population groups of other lands, but there still seems 
to be some reluctance to use routine chest roentgenography m geneial hospital 
populations Smce this particular population group is available without any 
prelunmaTJ’’ work-up like that necessary wuth all other types of suiweys, this 
reluctance is somewhat difficult to understand Though it undoubtedly would 
be of value there is little need, as far as case finding alone is concerned, for the 
prelimmarj’- educational buiid-up, for the intensive survey campaign and all its 
contacting and publicity In fact it appears to the VTiter that this one popu- 
lation group has been handed to the case finder “on a silver platter ” 

STOtMARY 

The results of clmic, mobile unit, and hospital photo-fluorographic surveys in 
Hamilton County, Tennessee, have been presented Data from these surveys 
have been presented m this early report because of the obvious need foi mfoima- 
tion relative to the value of hospital surveys Other hospital survey studies have 
mcluded children, have been made up of a rather small number of adults ad- 
mitted to hospitals over a short period of time, and have been earned on in areas 
with low tuberculosis morbidity and mortality rates The reverse is true in the 
case of the present study m which sigmficant tuberculous lesions were detected 
in 3 7 per cent of the persons routinely examined roentgenographically on admis- 
sion to the hospital 


CONCLUSIONS 

1 Insufficient attention has been paid to date to studies showing the value 
of obtaining routine chest roentgenograms of persons admitted to general 
hospitals 

2 Comparison of Health Department clmic, mobile unit, and hospital photo- 
roentgen surveys reveals that the hospital survey finds the highest porcent^e 
of cases of reinfection type of tuberculosis 

3 Data from Baioness Erlanger Hospital, Chattanooga, Tennessee, show 
that 3 7 per cent of persons admitted and routinely examined roentgenographi- 
cally had unrecognized reinfection type tuberculosis Between 1 3 and 1 5 per 
cent of the hospital group routinely examined are believed to have clinically 
sigmficant tuberculous lesions 

4 The responsibility of the modern general hospital m the tuberculosis case- 
finding program in the comraumty cannot be over-emphasized in the light of 
modern case finding techniques 


CONCLUSIONES 

La Roenigenofotografia Toraaca Sislemaitca cn el Hospital Baroness Erlanger 

1 Hasta la fecha se ha prestado msuficiente atencidn a ios estudios que re\ elan 
el valor de la obtencidn de radiografias tor&cicas sistemdticamente en las personas 
admitidas a Ios hospitales generales 
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2 La comparaci6n de las encucsfas rocntgcnofotogrdficas en la cUmca del 
dcparlamcnto dc sanidad, la unidad moviblc y el hospital revela que el ultimo 
es cl que dcscubre ol maj^or porccntajo de casos de tuberculosis tipo remfeccidn 

3 Los datos del Hospital Baroness Erlangcr, de Chattanooga, Tennessee, 
muestran quo 3 7 por cicnto dc los enfermos recibidos y radiografiados sistemdti- 
camente tcnfan tuberculosis tipo rcirdceeidn no rcconocida Opfnase que de 1 3 
a 1 5 por ciento del grupo hospitalano e\aminado sistemdticaraente tienen 
lesiones tuberculosas dc importancia chnica 

4 A la luz de las modernas tdcnicas para descubrimiento de casos, no cabe 
evagcrar la obhgacidn que corrcspondc al hospital general contemporaneo en 
las obras de descubrimiento de casos de tuberculosis en la colectividad 
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EDITORIAL 

The Necessity for Accurate Evaluation of the Results of Thoracoplasty 

Pulmonary resection m the treatment of tuberculosis has become a safer and 
more widely used piocedure than it was a few years ago The indications for and 
results of resection are still not clearly defined 

Smce the choice of surgical procedures often lies betw^een primaiy pulmonary 
resection and thoracoplasty, the need foi more accurate and detailed leports of 
the results of thoi neoplasty is becommg mcieasingly apparent These reports 
should be subdivided so as to mclude an evaluation of the results of thoi neoplasty 
according to the type of disease treated The age, extent and location of the 
lesions, the size and type of cavities, and the presence of gross or suspected 
bionchial lesions aie among the factors w'hich undoubtedly mfluence the results 
of thoracoplasty to a consideiable extent 

Too many published reports of the results of thoracoplasty m the past have 
failed to take these factois into consideiation and have stressed only mortality 
statistics and the percentage of sputum conversions A report of the lesults of 
thoracoplasty wnthout taking these factors into consideration is analogous to 
reporting on the results of pneumonectomy ivithout specifying whether the 
pneumonectomies were performed for caremoma, for so-called bronchial adenoma, 
or for pulmonary suppuration 

It IS hoped that many moie reports on the results of thoracoplasty similar to 
that of Rubin and lOopstock, w'hich appears in this issue of the Review', will be 
published m the neai future and that autliors will classify their cases accoi ding 
to chnico-pathologic groups so that comparison of results from vaiious centers 
may be possible 

Too often oui decision as to the type of surgical procedure to be emplo3 cd 
m the treatment of pulmonary tuberculosis is based on impressions of results 
obtained in cases w'e have treated recently rather than on a statistical anal3'sis 
of cases treated over a period of yeais For this reason, it is impoitant that those 
of us w'ho are making such decisions review' our thoracoplasty results and classif3' 
them according to the t3'pe of disease Although we may not necessarily publish 
oui findings, by making such anatyses we will help to clarif3' the indications for 
thoracoplast3' and primary' pulmonaiy resection in our own minds Another 
reason for malang oui own analyses is that there are bound to be discrepancies 
betw'een reports of results of thoracoplasty from different centers because of 
individual variations m the interpretation of roentgenograms, ^arlatlons in 
surgical techniques, and differences in the type of patients treated from racial 
and economic standpomts 

If the results of thoracoplast3' can be pro\ed to be poor m a certain t3'pc of 
disease, a trial of pulmonar3' resection certainl3' seems justified in that t3 pc On 
the other hand, if the long term results of thoracoplast3' m another 13 pe appear 
highly satisfactor3', the use of primar3' pulmonary' resection as an alternative 
procedure haidl3' appears justified until more is known concerning the late 
results of resection 
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LETTERS TO THE EDITORS 


THE EFFECT OF AMMONIUM IONS AND ALIPHATIC AMINES ON 
THE ABILITY OF VIRULENT MYCOBACTERIA TO BIND 

NEUTRAL RED 

To the Editors of the American Renew of Tuberculosis 

It has been shown in an earher report from this laboratory (Dubos, R J , and Middle- 
brook, G , Am Rev Tuberc , 194S, dS, 698) that virulent mycobactena are capable of 
bmdmg the basic dye neutral red m the form of its salt even imder extremely alkahne 
conditions Further analysis of this phenomenon has revealed that bmdmg of the dye 
can be mhibited by certain surface active agents and cationic substances 

Cultures grown m the presence of high concentrations of asparagme (0 5 per cent) 
fail to bmd neutral red unless they have been washed thoroughly — with 50 per cent 
methanol, for example — pnor to the test On the contrary, cultures grown m media free 
of amide and m which asparagme has been replaced by glutamic acid, give a positive 
neutral red test even without prior washmg We have established, on the other hand, 
that asparagme exerts its inhibitory effect only if added to the hvmg microorganisms, 
whereas it fails to mterfere with the bmdmg of the dye if added to cell suspensions killed 
with 2 per cent phenol These findmgs suggested that mhibition of bmdmg of neutral 
red IS brought about not by asparagme itself, but rather by some metabohc product 
of the virulent tubercle bacilh gromng m the presence of the amide asparagme 

We have now established that ammonium salts (sulfate or chloride) and a number of 
ahphatic ammes prevent virulent mycobactena from bmdmg neutral red at alkahne 
reactions, even when they are used m amounts as small as 1 cc of 0 001 M solution per 
mg of bactenal cells (dry weight) This inhibitory effect exhibits a marked degree of 
specificity as many other basic substances (aromatic ammes, basic peptides and protems, 
inoigamc cations) have been found to be without effect on the bmdmg of the dye Among 
the substances tested so far, atabnne is one of the few possessing some activity m this 
respect 

Virulent mycobactena treated with ammonium salts or with the lower ahphatic ammes 
(methylamme hydrochlonde, for example) recover the abiht}'’ to bmd the dye after they 
have been adequately washed, mdicatmg that they combme re%'ersibly with these sub- 
stances On the eontrarj’’, mycobactena which haie been treated with long cham fatty 
ammes (tetradecylamme, octodecylamine) remam unable to bmd the dye ei'en after 
prolonged washmg It appears likely, therefore, that these long cham compounds become 
firmly bound to the bactenal bodies by virtue of their hpoplnlic properties 

Expenments earned out by Dr Samuel P Martin and Cynthia H Pierce, to be pub- 
hslied later, have revealed that the abihty of virulent mycobactena to inhibit the migra- 
tion of polymorphonuclear leukocytes (Allgower, hi , and Bloch, H , Am Rev Tuberc , 
1949, 55, 562) is neutrabzed when aliphatic ammes are added to the system m concen- 
trations sufiacient to neutrahze the abibty of the microorgamsms to bmd neutral red 

RENk J Dubos 
EMMAJ nXEI. SUTEB 

The Rockefeller Irstetute for hlEDiCAL Research 
New York, N Y 
June 27, 1949 
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TOXIC EFFECTS OF DL SERINE ON VIRULENT HUIMAN 
TUBERCLE BACILLI 

To Ote Edtlors of the American Review of Tuberculosis 

Willie studying the effect of amino acids on the groT\*th of mycobactena and on their 
abihty to bind neutral red under alkahne conditions (Dubos, R J , and Middlebrook, G , 
Am Rev Tuberc , 1948, 68, 698) we have obscr\ cd that dl senne, and to a less extent 
dl ahnme, exert a marked toxic effect (bactenostatic and bactencidal) on virulent human 
tubercle bacilh 

The toMcity of these ammo acids can be readily demonstrated m a vanety of synthetic 
and semi-^Tithetic culture media We have studied its manifestations particularly in a 
medium consistmg of mineral salts, glutamic acid (0 2 per cent), and serum albumm 
(0 5 per cent) Addition to the medium of the dispersmg agent Tween 80 (0 02 per cent) 
facihtates observation of the results without affectmg the outcome of the experiments 
The culture media were moculated with approximately 10^ hvmg bacilh (from a culture 
m Tween-albumm medium) per cc of medium 

Different cultures of mycobactena vary appreciably m their susceptibihty to the toiac 
effect of dl serme Tlie most resistant of those tested were three variants of human bacilli, 
which hav e become avirulent and have lost also the abihty to bmd neutral red m alkahne 
media (H37Ra, H4Ra and JHl6Ra) These cultures could grow normally m concentra- 
tions of dl senne as high as 0 1 per cent By contrast three fully virulent strains of human 
tubercle bacilh were inliibited by addmg 0 01 to 0 02 per cent of this ammo acid to the 
same medium 

Surpnsmgly enough, the bactericidal effect of dl senne can be recogmzed even at 
concentrations lower than those required for mhibition of growth Thus, when the ammo 
acid IS added m amounts too small to inhibit bactenal multiphcation (0 003 per cent 
for example), growth at first appears normal both quahtatively (as determmed by the 
morphological appearance and stammg charactenstics of the bacilli) and quantitatively 
(as measured by turbidity of the culture) Withm a few days, however, autolytic changes 
become mamfest (loss of acid fastness and decrease m opacity) and subcultures m new 
media free of senne reveal that a large percentage of the bacilh fail to grow even after 
prolonged mcubation It is of mterest that, simultaneously with this sterihzmg effect of 
dl senne on growmg cultures of virulent human tubercle bacilh, other cellular alterations 
take place which brmg about a loss of abihty of the microorganisms to bmd neutral red 
m an alkahne environment 

Ren^ J Dubos 

The Rockefelleb Institute fob Medical Reseabch 
New York City, N Y 
June 27, 1949 

THE INTRAVENOUS ADMINISTRATION OF P-AMINOSALICYLIC 

ACIDi 

To the Editors of the American Remew of Tuberculosis' 

A senouB objection to p-ammosahcylic acid as a chemotherapeutic agent for tubercu- 
losis IS the nausea and vomitmg patients expenence when the drug is administered by 

^ This study was supported by a grant from the Division of Research Grants and Fel- 
lowships of the National Institute of Health, U S Public Health Service 
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mouth There is t wide vniiation in the amount of the drug uhich each mdmdual patient 
can tolerate Some complain onl}' of anorexia on a dail} dose of 10 to 15 Gm , others have 
se\ ere nausea and x omiting on as little as 5 or 6 Gm 

In new of the fact that parcntcrally administered PAS in tu o subcutaneous doses per 
day produced fa\ orable results on the course of tuberculosis m expenmental animals, it 
was decided to explore the feasibility of the parenteral administration of the drug to 
patients 

An isotonic solution of sodium p-ammosahcjhc acid adjusted to a pH of 7 35 is not 
irritating to tissues and can be given either subcutaneouslj or intraxenouslj vathout 
discomfort To prepare such a solution, suspend 22 Gm (144 milh equivalents) of pow- 
dered PAS m approximately 100 cc of pyrogen-free water Dissolve 7 6 Gm of sodium 
carbonate m 100 cc of pyrogen-free w ater and add it slowly and with constant stirnng 
to the PAS suspension Using a glass electrode pH meter, adjust the final pH of the solu- 
tion to 7 35 by adding, drop by drop, additional sodium carbonate solution, and then 
sterilize by passmg through a Seitz filter Dilute the filtrate to 1,000 cc with stenle 
pyrogen-free w'ater to obtain a clear amber solution This preparation, if kept m a re- 
fngeratoi , keeps for many w eeks without deterioration 

Patients have received 500 cc of this solution intravenously daily for up to six weeks 
ivithout complaining and without sclerosis of the veins Slore recently, intravenous solu- 
tions containing 33 Gm of PAS per hter have been given without lU effects If the solution 
IS given too quickly and blood levels of more than 40 mg per 100 cc are produced, then 
the patient does become nauseated 

Liver function studies carried out before as well as after a course of mtravenous PAS 
therapy did not show any endence of hver damage m the small number of patients so 
far treated in tins manner Prothrombin times had a tendency to drop, but none went be- 
low 70 per cent of normal 

It remains to be seen if this has an influence on promoting pulmonary hemorrhage 

William R Baeclat 

The Department of Medicine 
University of Chicago Medical School 
Chicago, Illinois 
June 30, 1949 



^tradjimer JSetroff 

1883-1948 

The late Strachimer A Petroff was the last of the bnlhant group of research 
men who were associated with Dr E L Trudeau after his founding of the Tru- 
deau Sanatorium, and who made up the famous “Trudeau Group ” Law^ason 
Brown, E R Baldwin, Leroy U Gardnei, Fred Heise, Homer Sampson, and 
S A Petroff were all men who grew up around Dr E L Trudeau and who made 
the name of Trudeau famous in the world of tubeiculosis m the first third of 
the centurj' when the solid ground-w'ork of the struggle against tuberculosis was 
being laid 

Doctor Petroff was bom in Vania, Bulgaiia, in 1883 and studied at the ITni- 
versitj’^ of Sofia In 1900 he came to the United States as part of a “grand tour” 
of the w orld to complete his education An early e\udence of his independence 
of thought, which was later so fruitful to science, was a long-range political 
argument with his family This resulted in cutting off all ties and leaving himself 
stranded in a foreign land wuth practically no knowledge of English and no 
means of support Fortunatel}’’, as it turned out, he then “broke dowm” with 
tuberculosis and came to Trudeau Sanatorium Here he attracted the attention 
of Doctors Lawrason Brown and E L Trudeau, who put him to work in the Re- 
search Laboratorj’’ and m 1907 put him on the Reseaich Staff In 1912 he marned 
Marj’' Fears Gilmer, a nurse who was a fellow' patient at Tmdeau This was an 
important turning point in his career Her dei'otion to him and to his work 
proved to be of inestimable value to him, and their long and happy marnage 
contributed largely to his success In 1921 he succeeded Dr E R Baldw'in as 
Director of the Research Laboratory at Tmdeau Sanatorium where he remained 
until 1936 In 1937 he accepted the Directorship of the Bactenological Labora- 
tory at Sea View' Hospital, Staten Island, N Y , the largest tuberculosis hospital 
in the countrj', w'here the wealth of matenal available gave ample scope to his 
tremendous capabilities This post he held until his retirement because of ill 
health to his home in Greenville, South Carolina, m 1946 
Doctor Petroff’s contnbutions to science, and more particularly to tuberculo- 
sis, are listed in the more than one hundred articles that he published dunng 
his nearly forty years of active research w'ork He was a mechamcal genius 
Various pieces of laboratory apparatus needles, slide holders, media, et cetera, 
are a few of the things he developed In 1927 as co-author with Doctors Baldwin 
and Gardner he published Tuberculosis — Bacteriology, Pathology and Laboratory 
Diagnosis, a most valuable contribution 

His w'ork on the dissociation of the tubercle bacillus had an important and far- 
reaching effect It IS difficult today to recall the enormous excitement m the 
world of tuberculosis workers elicited by the Lubeck disaster and the subsequent 
tnal and w'orld discussion of BCG Doctor Petroff, because of his outstanding 
work m dissociation of the tubercle bacillus and of BCG was called by the 

387 



38S 


OBITUAniES 


German authorities to testify m tlie Lubeck trial and his testimony against 
BCG is still debated 

Doctor PetrofT was widely honored during his lifetime In 1923 he received a 
Doctoiale of Philosophy from Columbia Unncrsitj where he had studied under 
the late Dr Hans Zinnscr He received an honorary Doctorate of Science from 
Colgate Unnersity m 1932 He was an active member of the American Society 
of Bactcnologists, the Society of E\pcnmental Biologj' and Medicine, the So- 
ciety of Immunologists, and the American Editors and Authors Association 

He was a member of the National Medical Advisory Board m the First World 
War, and m 1928 a Special Member of the International Board of Health of 
the League of Nations From 1931 to 1933 he was a member of the National 
Research Council 

In pajnng honor to Doctor PetrofT at his passing, w e not only honor a bnlhant 
scientist but again pay tnbutc to that group of great men of which he was a 
part and to whom we m tuberculosis owe so much, the “Trudeau Group ” 

Henry W Leetch 

(george Cfjambcr^ !3nglm 

1890-X94S 

Following a full day’s medical duties on Tuesday, April 16, 1948, Doctor 
Anglin suffered an almost immediately fatal heart seizure during that night 

Bom in Ireland, Doctor Anglin came to Canada m 1907, and was graduated 
from the Umversity of Toronto in 1914 He served in the R A M C from 1915 
to 1918 He continued as Director of the Chest Clinic at Christie Street Military 
Hospital, and dunng the Second World War was Chest Consultant for the three 
services m the Toronto Military District For his services in the same capacity 
to the Norwegian Air Force he was signally honored by the King of Norw'ay 

He was a member of the Staff of the Toronto Hospital and enjoyed a large 
consulting practice m allergic and chest diseases, with perhaps his deepest inter- 
est m tuberculosis He had long been a member of the Trudeau Society and ac- 
tive m the Canadian Tuberculosis Association and the Laennec Society of On- 
tano In addition to his Canadian afSliations, he was a member of many other 
medical bodies, including the Amencan College of Physicians, the American 
College of Chest Physicians, Amencan Academy of Allergists, and the Amen- 
can Board of Internal Medicine He was a member of the Senate of the Univer- 
sity of Toronto from 1944, President of the Medical Alumni Association of the 
University m 1945-1946, and included among his activities those of the Church 
and philanthiopic bodies 

The profession in Canada has suffered a severe loss in lus untimely death. 

Harold I Kinsev 
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John Francis Bomme Tuberculosis Including a Conirast vnth Human Tuberculosis Pp 
220 (Foreword by J B M Innes), 1947, Staples Press, Ltd , London, Price, 25s 

The program for the eradication of tuberculosis among cattle m the United States was 
imtiated m 1917 The results of tins tremendous undertaking m the control of a major 
mfectious disease have been amazmgly good, and constitute a notable conquest of an 
animal disease of great economic and pubhc health importance However, phj'sicians 
and others concerned with the epidemiologic aspects of tuberculosis m human bemp 
often lose sight of the fact that m certam other parts of the world tuberculosis of cattle 
still remains a tremendous economic burden on agnculture and a constant threat to 
human health 

Francis’ book, which is the subject of this bnef review, should serve as a remmder that 
bovme tubercle bacilli are capable of severe and even fatal mfections m human bemp and 
that tuberculosis m man cannot be ehmmated or even satisfactorily controlled unless the 
disease in cattle is subjected to measures that will eventually lead to its eradication 
Smce there has been no recent adequate review of bovme tuberculosis on a world-wide 
basis, Francis has accomphshed an important task m prondmg a peat mass of mforma- 
tion pertaming to the disease m its natural and m other susceptible hosts In addition, 
the detection and control of the mfection m cattle are considered 

The subject matter of the book is divided mto six major subdivisions These mclude 
the mcidence of tuberculosis of cattle and the economic loss occasioned by the disease, 
a consideration of the pathogenesis of bovine tuberculosis m the natural host (this is 
prefaced by a bnef discussion of the important differences between the development of 
tuberculosis m human bemp and m different species of animals) , tuberculosis of bovme 
ongm in man, detection of tuberculous cattle by tuberculm and by other means, I'acci- 
nation of cattle with BCG and with the vole bacillus, and las%, the control of bovme 
tuberculosis 

A valuable feature of the book is the well-wntten summary that concludes each sub- 
division This idea has been expended to an over-all summary of the entire book, m 
which the author has succeeded m condensmg mto four and one-half pages the most 
important facts which his admirable re\uew has revealed 

Francis concludes that the mcidence of tuberculosis among all the cattle of Great 
Bntam is between 17 and IS per cent However, he states that the mcidence of the disease 
is higher among dairy cattle, w’here the average incidence is about 25 per cent The data 
mdicate that the mcidence mcreases wath the extension of age, m infected herds, 40 per 
cent of the animals five to six years of age may be mfected (By companson, at present 
the mcidence of tuberculosis m the cattle population of the Umted States is less than 
0 5 per cent ) 

As to the occurrence of bovine tubercle bacilli m the milk m Great Bntam, Francis 
states that "about eight per cent of raw chum milk and nearly all of the 3,000 pllon 
tanks, m wluch raw milk is frequently brought to our large cities, contain tubercle bacilh ’’ 
Francis behoves that m Great Bntam 5 per cent of all human deaths due to tuberculosis 
are due to mfections caused by the bovine tjTio of the tubercle bacillus Of children less 
than 5 years of age who die of tuberculosis, the mcidence of mfection due to bovine tubercle 
bacilli is considered to be 30 per cent The c'ctension of pasteurization to mclude all milk 
used for human consumption would at least protect human bemp from this mfection 

SS9 
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Since 1935 the vetcnnirj' profession and dairj’ omicrs of Bntain ln\ e made a creditable 
beginning in establishing “attested” or tuberculosis-free herds It is estimated tint at the 
present time approxamatclj 10 per cent of the cattle in Great Britain are in herds “at- 
tested” as being free of tuberculosis Perhaps when the true significance of tuberculosis 
of dairy cattle is fully appreciated b3' the consumer of milk and dairy products the final 
conquest of bovine tuberculosis in Great Bntain wall not be long delay ed 

Francis has contributed to the solution of the problem by assembling the facts UTiat 
use IS made of them wall depend on how insistent the Bntish public becomes in demanding 
the correction of the shocking evnls that perpetuate the distnbution of misery’ and death 
m imlk containers 

Francis completes liis renew by listing 400 selected references from the world’s liter- 
ature Tins IS followed by a useful and apparently correct and adequate mde\ 

This book IS truly an indispensable reference for physicians, pubhc health workers, 
and vetennanans who arc expected to be informed concerning an extremely important 
disease of cattle which so long as it c'nsts constitutes a menace to human welfare The 
book should focus attention on the fact that tuberculosis is a disease of many different 
species and that a heterologous infection can be as important to the human patient as a 
homologous one 

W H Feldxlvk 

Robeiit Coope Diseases of (he Chest, Second Edition, Pp 541, The Wtlhams ct Wilkins 
Company, Baltimore, 194S, Pnee, S7 50 

This book IS written for medical students and general practitioners It presents a well- 
balanced combination of anatomical, physiological, and pathological considerations with 
chnical aspects of diseases of the chest Tlie reader obtams a well-rounded picture of 
respiratory diseases by equal emphasis of the above stated factors Considerable attention 
IS paid to the social and economic factors of respiratory' diseases Tlie discussion of the 
social aspects of tuberculosis, for instance, is well worth being read not only by the general 
practitioner but also by every worker m this field The book contains only a small number 
of radiograms as the author takes the viewpoint that radiology’ should be taught m 
hospital practice m relation to patients studied by the student himself The few chest 
films mcluded at the end of the book are of good teclinical quahty’ 

Some therapeutic chapters are not quite up to date Significant advances, such as the 
antibiotic treatment and excisional therapy of tuberculosis, are not mentioned Berydhum 
poisonmg and histoplasmosis, diseases more mtensixely studied m tliis country m recent 
years, should be mcluded m future editions 

The readmg of the book is made easy by the vivid and stimulating style of the autlior 
The medical student will find this book the logical contmuation of his preclmical traming 
m the anatomy and physiology of the respiratory tract wlule the general practitioner 
should welcome the opportunity to refresh his knowledge m tins field by’ the thorough 
presentation of the various factors mx’olved m each disease 

Hans Abeues 

Esthee LucniE Brown Nursing For The Future A report prepared for the National 
Nursing Council Pp 198, Russell Sage Foundation, New York, N Y , 194S, cloth, S200 

This report is the omega and alpha of an exammation of the question of who should 
organize, administer, and finance professional schools of nursmg The study completes 
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part of one sector of the program for nationmde action m nursing proposed by the National 
Nursmg Council as an outgrowth of cooperative actmty of nursmg organizations dunng 
World War II The study was undertaken in the hope that impetus might be provided 
for redirection of effort 

“The first, and most important, basic decision made during preliminary discussions 
was to view nursmg service and nursmg education m terms of what is best for society— not 
what IS best for the profession of nursmg as a possibly S^ested mterest’ ” 

The director of the study, Dr Esther Lucile Brown, was released for this important 
work from her position as Director of the Department of Studies in Professions of Bus- 
sell Sage Foundation In 1940 she had written a book, Nwstng as a Profession, and 
had also participated m studies to deterimne how "education for an essential profession 
can be molded to meet the present needs of society ” Dr Browm’s rich background has 
enhanced the value of her report which is an outstanding contribution to nursing as well 
as to society The study was financed m part by a grant from the Carnegie Corporation 
of New York 

In the first two chapters of the report the author vavndly portrays the extension of 
health servnces and the imphcations of these changes for the nursmg of the future 

She beheves the answ'er to the problem of obtaimng a supply of nursmg care that is 
quantitativ'ely and qualitatively sufiBcient hes m answ'ers to the questions What kmds of 
nursing functions need to be performed? Can persons be found and prepared to fulfill 
these functions effectively, w'hether they be graduate nurses or not? 

In discussmg the future role of the professional nurse. Doctor Brown recommends that 
the term professional w'hen apphed to nursmg education and to nurses be restncted to 
those schools and those nurses able to meet certam defined standards and that nursmg 
make a matter of first importance the exammation of all schools, designatmg and pub- 
hshmg a list of those which meet standards for accredited professional schools 

The final chapters are devoted to a discussion of education for practical and graduate 
bedside nurses and resources for the future 

The si\ national nursmg organizations have accepted m prmciple the recommendations 
m the report Nursing for the Future and are workmg together to promote study and 
action by lay and professional groups which will help to solve the problems and provide 
the kmd of nursmg we aU seem to want 


Kathakine G Ambehson 
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Clinical Studies, Tuberculosis 

Bronchi in Primary Childhood Tuberculo- 
sis — ^Three causes of epituberculosis Ime 
been proposed nontuberculous pneumonia, 
true tuberculosis, and absorption collapse due 
to pressure of tuberculous nodes Tlurty 
cluldren were exaramed bronchoscopically 
These mcluded IS with actne pnmary tu- 
berculosis associated mth sharply outhned 
radiograpluc shadows of a lobar or segmental 
type but without mediastinal or tracheal 
shift, this is the "classicil” picture of epi- 
tuberculosis In 10 others, the above findings 
were noted plus a mediastinal shift, this in- 
cluded 2 cases with obstructive emphj-sema 
In the remaining 2, there was bronchiectasis 
complicating healed tuberculosis The right 
side w’as in\ol\cd more often than the left 
The vanous bronchial changes were arranged 
by groups In tjpc I (9 cases) there was 
localized bulgmg of In percmic mucous mcm- 
brunc The process sometimes partial!} 
occluded the middle lobe bronchus or a bnneh 
of the iipjicr lobe bronchus Tiiick iinicus 
could intemuttcnth complete the obstruction 
This lesion w as caused b} external pressure of 
luboiculous nodes In tiTie Iln (3 c’ses), the 
changes of tape I were found and iii addition 
there were }dlow, glistening, shghth rawcfl 
are IS under the mucous mcnibrme, repne- 
bcnling ca‘'Cous nodes whicJi were “{wintinc ' 
In t^pe lib (2 caves), the bulge w~is more 
circunivcnlK'd and reprctcnicxi i tuli^rru- 
loma, bio|>v\ of wliieh diowcsi tul*crciilous 
tivvue In 1^^K' 111 i (7 caso), them w ts an 
area of ulcer ilion n^crtxl In gn.uilat on 
tiv-uc It tv not cert tin whilhor a node had 
e\ icuitod or wav idl '‘banur ” In t\7>'' Illb 


(5 cases), the bronchus was filled watli friable 
granulation tissue In tjiie H’’ (2 cases), no 
abnormality was seen In 15 of tlic 20 cases 
with positia e findmgs, the canna was wadened 
In the 2 cases of healed tuberculosis, the 
findmgs were a narrowing of the entrance to 
the middle lobe bronchus m one case and a 
distortion of the right lower lobe bronchus m 
the other The conclusion is that cpitubercu- 
losis really is absorption collapse sccondan 
to bronchial compression or erosion by tu- 
berculous nodes — Drondwscopic studies tn 
pnmary iuherculosis tn cbtldhood, J /V 
llvtcJiison, Quart J Med , January JO 4 O, IS 
SI — (A G Cohen) 

Depression of Tuberculin Sensitivity — 
Depression of skin sensitivil} to tuberculin 
has been reported prevaous!} m patients 
cnticall} ill with tubcrcuioeis This studv was 
earned out, in contract, on patients cnticallv 
ill with diseases other than (uberculo'is as 
subsequenth showai bv autop'v examination 
at tlic Kansas Cit\ Genera! Ifovpital Onlv 
white piticnts were tested Tiic tulrrcuhn 
uveil was PPD-v'' containing OOpOl mg in 0 I 
cc Hiv'topl Lsinm prapared b\ tl o Pubhc 
Ilealtli Service was cmplovc-i Ti e 11^,11! pro- 
portion of p'vilivc rcar-t, ns (/> (uVrc„h" 
and h''top’asnuii was d'Urarnci in t\- 
ainining 4 '>'*') appircnsiv hea'shv }> ^ u « of 
all ace Tim pro,>''’inn ,v lv p 

compircd vji( t ra'iv w.t*' t'* ob -.(v| 
reict iUis m ml rahv n! ,n!i'' ! 
the nwn, t' c I'b ” t i t , d* - of n {/* 

talv'roihi a. !’ c 1” 
t»-f c\p "'ro> r a' ' h * ;« •• • • ir- , 

V'i ve o' * , K ,1 J- , n — , 1 1', -s 
the <•>’> -nt-i ' w ^v ( V ’ , .71 ^ ♦ J f 
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the expected, bct^\cen GO and 79 >cars, it was 
24 per cent, and it fell to 10 per cent in the 
group o^cr SO years Statistics i\crc simihr 
for the women The results with the histo- 
plasnun reactions were similar except that 
even between 20 and 39 3 ears the obsened 
reactions among tlic ill mere only 76 per cent 
of the expected Almost one-half of those who 
were msensitixc and later rccoxered showed 
positnc skm tests when the 3 began to im- 
proxe Tlie endence suggests that the de- 
pression IS nonspecific with respect to the 
antigen used and the cause of the ilbcss — 
Depression of lubcratlin and histoplasmin 
scnstiimly associated inth cnlical illness, M 
Furcolow, M Engel, tt I Bunnell, Pub 
Health Rep, October 1, 19iS, 63 1290 — 
(S Hadley) 

Tuberculoma of the Lung — Tuberculoma 
of the lung is defined as “pseudo-tumoral” 
pulmonary tuberculosis giving sphcncal, meU- 
circumscnbed densities on roentgenograms, 
usually the sputum contauis no tubercle 
bacilh Pathologically these tuberculomas do 
not represent a real entity Tlius, 3 lung 
specimens remoxed b 3 '’ lobectomy or pnemno- 
nectomy showed 2 different t 3 ’pes of disease 
In 2 cases the tuberculoma had formed b 3 ’’ the 
confluence of areas of tuberculous broncho- 
pneumonia and of tubercles which were 
partly or entirely caseated These were mixed 
with dense mterstitial fibrosis Tlie tlurd 
tuberculoma, a round density m the nght 
lower lobe, consisted anatomically of an en- 
tirely caseated mass The caseous matenal 
was arranged m concentnc layers, each sur- 
rounded by a tlun fibrous capsule The ongm 
probably was a central node which gradually 
enlarged by progressix^e eccentnc caseation 
This IS considered the more common patho- 
logical substratum of tuberculomas — Etude 
anatomique et paOwlogxque de tubercidomes dti 
poumon, P Gahj, M Berard, dt J Dumaresl, 
Rev de la Inhere , 1948, 12 678 — (P Leitcs) 

Lung Resection for Tuberculosis — ^Recent 
improvements m technique have rendered the 
surgical removal of tuberculous lung tissue a 


somewhat safer procedure than fonnerl 3 ' al- 
though comphcations still occur Since IVied- 
landcr's first successful upper lobe removal in 
1935, many thoracic surgeons have attempted 
resections but it is still xciy difficult to de- 
termine the xaluc of such operations 
Undoubtedly' the results in some cases haxo 
been remarkable, many patients haxe been 
promptly restored to health watnout the long 
and tedious penod of convalescence which 
was necessary after collapse therapy From 
1935 to 1910, the results were discouraging, 
the mortality follownng operation vaned from 
30 to GO per cent Bcginmng about 19-12, the 
results improved as important changes m 
operative procedure were made, mcluding 
separate ligation of the blood vessels of the 
lung stem, suturing and pleurahzation of the 
bronchus, modern anesthesia, and greater use 
of bronchoscopy , pemcilhn, and streptomy'cm 
The author usually has used the lateral posi- 
tion wath the affected side down and has 
employ'ed general anesthesia m a closed 
circuit When many firm adhesions were 
present, he has entered extrapleural areas Of a 
total of 12 cases, 2 have died and 6 are well, 
one for more than four 3 ears Ho remov ed the 
apex of the lung for small residual cavnties 
after thoracoplasty in 4 patients, 2 of whom are 
ahve and workmg Other surgeons who have 
resected lung tissue for tuberculosis report 
mortahties from 5 to more than 50 per cent 
Tlie deaths have been due to spread of the 
disease m the other lung, to empy'ema, to 
miliaiy' tuberculosis, to bronchial fistula, and 
to menmgitis It seems that the value of re- 
mov'al of tuberculous foci by meticulous opera- 
tive teclimque has been established but the 
senous comphcations and the effects on 
pulmonary function must be kept m mmd 
Indications for pneumonectomy , provnded the 
other lung is free from disease, mclude stenosis 
of the mam bronchus, dilatation of the 
smaller bronchi, and persistent cavity 
Lobectormes are done for basal cavnties, 
tubeiculomas, stenosis of the lobe-bronchus, 
and cavities of the upper lobe which cannot be 
ehmmated by thoracoplasty If there is any* 
chance that a thoracoplasty may lead to 
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healing of the lesion ■mthout resection, the 
latter procedure should be postponed — Les 
oplrahons d'exdrbse dans le traiiement de la 
iuberculosc pvbnonaire, Monad, 0 , Le Poumon, 
November, 1948, 4 S27 — {A T Laird) 

Tuberculous Empyema — ^The incidence of 
tuberculous empyema has been mcreasmg 
smee the mtroduction of artificial pneumo- 
thorax Tuberculous empyema follows arti- 
ficial pneumothorax m 3 to 20 per cent of the 
cases and has a mortality rate of 28 to 60 
per cent Treatment mcludes (f ) aspiration and 
replacement with air only, (2) aspiration and 
imgation, (S) oleothorax, {4) thoracotomy, 
and (5) thoracoplasty It seems best to remove 
the pus and irrigate the cavity with Dakin’s 
solution to avoid fistula formation Twenty- 
tliree cases of tuberculous empyema were 
thus treated with aspiration and imgation 
The empyema followed artificial pneumo- 
thorax m 14 cases, effusion m 8 cases, and 
tuberculous spontaneous pneumothorax m 
one case There were 7 cases of nunimal 
pulmonary tuberculosis, 8 cases of moderately 
advanced, 5 cases of far advanced disease, 
and 3 without pulmonary lesions At the end 
of treatment, 12 patients had their lungs fully 
ex-panded and their cavities obliterated, 2 
required thoracoplasty, 6 pneumothorax, and 
one an oleothorax, 2 cases died dunng treat- 
ment Nmeteen patients were followed one to 
eight years after treatment, 17 were livmg 
and workmg, one was bemg treated for a 
pulmonary lesion, one had died from tu- 
berculosis — Trealment of tuberculous empyema 
by aspiration and Dakin’s solution irrigation, 
B H Y Tang, Chinese M J , April, 1948, 
66 205 — (Zi Hyde) 

Chest Wall Tuberculosis — Cold abscesses 
or chrome dischargmg smuses of the chest 
wall were found m 8 patients of whom 7 had 
nainimal tuberculous lesions m the lungs 
Five had sinuses of the chest wall The behef 
that tubercle bacilli are earned to the chest 
wall via the lymphatics was supported by 
findmg tuberculous lymphadenitis m patho- 
logic sections from 6 patients The disease 


should be suspected in any relatively pamless, 
persistent swellmg of the chest wall, even if 
roentgenograms show no bony changes The 
diagnosis is estabhshed only by demonstratmg 
tubercle bacilli or by finding typical tubercles 
in the tissues Kemoval of the abscess, sinus, 
and mvolved bone or cartilage cured 4 of the 
8 patients, improved 2, and failed to help the 
remaimng 2 — Tuberculosis of the chest wall, 
C, Huang & M Stone, Chinese M J , March, 
1948, 66 126 ~{L Hyde) 

Tuberculous Abscess following Penicillin 
Injection — patient developed a tuberculous 
abscess at the site of pemcillin mjections 
No other tuberculous foci were demonstrated 
in the body The lesion is beheved to have 
been hematogenous m ongm, though mtro- 
duction of mfection through the needle is a 
remote possibihty — Tuberculous abscess at 
site of penicillin injection, G B Forbes & 
F G St C Strange, Lancet, March 19, 1949, 
1 478— {A G Cohen) 

CumcAL Studies, Nontubebcudous 
Diseases 

Intracellular Bodies In Sarcoidosis — ^Tn 
1917, J Schaumann desenbed the occurrence 
of double-contoured, stratified, and some- 
times calcified bodies m practically all of the 
organs from some patients with sarcoidosis 
Most authors have considered these bodies 
to be the products of degeneration of elastic 
fibnls impregnated with calcium and iron salts 
Metchnikoff reported the production of similar 
bodiw by the moculation of tubercle bacilh 
into t\k Algenan gerbil, an animal resistant to 
tuberculosis In view of this observation, 
Schaumann advanced the opimon that tu- 
bercle bacilh can be transformed into these 
structures The author considers the stratified 
bodies m Boeck’s sarcoidosis to be partly 
crystalhne, globuhn precipitates in the cyto- 
plasm He demes that they are the products of 
transformed tubercle bacilh and mterprets 
the morphologic lesions m this disorder as 
representmg a serological, hyalme (para- 
myloid) precipitation havmg as its startmg 
pomt a globuhn precipitate (allergic hy- 
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perglobubnoas) in the reticulo-endothehal 
system It is highly probable that these pre- 
cipitates behave as foreign bodies The byper- 
globuhnotic reaction is mterpreted as e\- 
pressmg an especially high degree of immunity 
and this explams the occurrence of stratified 
bodies m Metchmkoff’s moculation experi- 
ments leferred to above — The nature of the 
double-contoured and stratified intracellular 
bodies in sarcoidosis {Boeck-Schaumann), G 
Teilum, Am J Path , January, 1949, 25 
85~(J S Woolley) 

Serology of Sarcoidosis — was found that 
the serum of patients mth sarcoidosis could 
modify or even neutrahze the abiht 3 '' of Old 
Tuberculin (OT) to evoke a typical sfcm 
reaction when 9 parts of serum nere added to 
one part of a 1 1,000 dilution of OT As con- 
trols, sera were used from apparently nell 
mdmduals who showed either a positive or 
negative Mantoux reaction Tivo tubercuhn 
mjections were made on the arm of each 
subject, one contammg serum from a control 
and the other from a patient with proved 
sarcoidosis The sera of the sarcoidosis cases 
almost always showed tubercuhn neutrahzmg 
powers, occasionally one did not On the 
other hand, only an occasional control showed 
these properties Thus, the test is not valid for 
routme diagnostic purposes The neutrahzmg 
powers were weaker after natural remissions, 
surgical removal of foci, or roentgen therapy 
The test was less effective when used on 
patients wnth active tuberculosis The sera 
were fractionated and it was found that the 
neutrahzmg power is in the gamma globuhn 
Normal gamma globuhn does not possess tins 
power The factor is destroyed bj'- heatmg at 
a temperature of 65°G for one hour It is not 
affected by soj^a bean antitrjTism (cf fibn- 
noljnsm) — A luhercuhn-neutrahsing factor in 
the serum of -patients until sarcoidosis, A Q 
Wells d. J A H Wylie, Lancet, March 12, 
1949,1 439— i^A G Cohen) 

Bronchogenic Carcinoma — Primary bron- 
chogemc carcmoma was proied m 131 cases 
obsen’ed between 1940 and 1946 The mci- 


dence of bronchogenic carcmoma is mcreasmg 
absolutely and relatively Of the 131 patients, 
125 were men, 6 were women Eighty-two 
patients (62 5 per cent) were between the ages 
of 50 and 70 One hundred eleven (84 7 per 
cent) died witlun eighteen months after the 
diagnosis had been made In 63 patients the 
carcmoma was found m the nght lung, m 68 
cases m the left lung The carcmoma was of 
the squamous cell varietj' m 114 cases and of 
the adenomatous tjqie m 14 The most im- 
portant S 5 Tnptoms are cough, present m 100 
patients (76 3 per cent) , thoracic pam, m 
82 (62 5 per cent) , sputum, dyspnea, hemop- 
tysis, loss of wmght, wheezmg, pulmonary 
hemorrhage, paralysis of the vocal cords, 
d 3 'sphagia, conimlsions, or paralysis of central 
origm The roentgenogram is the most valu- 
able smgle means of obtammg an early pre- 
sumptive diagnosis Bronchoscopy should be 
performed m all cases of suspected broncho- 
gemc carcmoma Further means of diagnosis 
are aspuation biopsy, exploratory thoracot- 
omy, and c 3 d;ologic study of bronchoscopi- 
cally removed secretion The follownng meth- 
ods of treatment are used (1) bronchoscopic 
removal of tissue with foiceps and/or with 
electrocoagulation, (2) irradiation, (S) surgical 
removal of the mvolved lung — Primary 
bronchogenic carcinoma Correlation of recent 
literature unth one hundred and tlnrly-one 
proved cases, J J O’Keefe, Arch Ini Med, 
October, 194S, 82 345 — (G C Leiner) 

Sputum Smears for Carcinoma — Two hun- 
dred cases m which a diagnosis of carcinoma 
was made on the basis of examination of 
smears of sputum or bronchial secretions were 
anal 3 ’’zed In 190 cases a final diagnosis of 
primary or metastatic puhnonaiy'' carcmoma 
was made In 4 cases a carcmoma m the 
esophagus, laiymx, or trachea was demon- 
strated In 4 cases the exammation w as proved 
to be falselj’’ positive In the remammg 2 cases 
the final diagnosis was uncertam Exfohated 
carcinoma cells m sputum or bronchial secre- 
tions pronded the only preoperative micro- 
scopic exodence of cancer m 29 of 74 cases of 
bronchogemc carcmoma m winch surgical 
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exploration was earned out Sputum and 
bronchial secretions have proved equally 
satisfactory m the cytologic diagnosis of 
cancer of the lung, bronclual secretions have 
the advantage of better locahzation of the 
lesion If no sputum is available or if no 
bronchial secretions can be aspirated, bron- 
chial washmg may be requiied — Diagnosis 
of carcinoma of the lung, the value of cytologic 
study of sputum and bronchial secretions, L B 
Woolner & J R McDonald, JAMA, 
February 19, 1949, 139 497 — (7f Abeles) 

Thymoma — K patient who was suspected 
of havmg tuberculosis subsequently developed 
a nght mediastmal opacity and a bloody 
pleural effusion Autopsy revealed a light 
yellow tumor m the anterior mediastmum 
compressmg the right bronchus, lung, heart, 
and larger blood vessels There were no 
metastases to regional lymph nodes Micro- 
scopic exammation of the tumor showed it to 
to be mostly necrotic The tumor cells weie 
polymorphic with many large reticulum cells, 
sometimes arranged in trabeculae resemblmg 
deformed Hassall’s corpuscles Mitotic figures 
were rare — Thymoma. Report of a case, S C 
Pan, C S Chih, & Y P Chien, Chinese 
M J , May, 1948, 66 S57 — (L Hyde) 

Eosinophilic Granuloma of Rib — A man 
aged 46 was found by routme roentgenogram 
to have a sharply defined area of mcreased 
density m the left tenth rib There was no 
blood eosmophiha Seven years later, there 
was no change in size or appearance of the 
lesion In the eighth year, he developed 
persistent pain m the region of the suelhng 
and one year later it was removed Histologi- 
cal exammation showed an eosmophihc 
granuloma Review of the hterature shows 
reports of 46 pre^nous cases ranging m age 
from one month to 39 years Most were m 
cluldren The present patient is the oldest 
m whom the condition has been reported — 
Eosinophilic granuloma of nb, A R Grant, 
R K House A VT B Crandcll, A'cw England 
J Med , April 7, 1949, 240 541 —(A G 
Cohen) 


Scoliosis and Cardiac Failure — A 19 year 
old wlute girl uath scoliosis due to antenor 
pohomyehtis, first noted at the age of 5, died 
from cardiorespiratory msufficiency The fol- 
lowmg explanation is made “Important 
effects of thoracic deformity are to limit 
pulmonary ventilation, to impede the pul- 
monarj' circulation, and to alter respiratory 
fluctuations m blood flow Increased x'^en- 
tilatory effort, tachycardia, and nght ventric- 
ular dilatation and hypertrophy are thereby 
mduced If these responses can be considered 
compensatory, they are inadequate to permit 
normal development and activity and they 
ultimately fail completely Treatment is 
largely preventive, and begms with prevention 
or correction of the thoracic deformity itself ” 
— Scoliosis and cardiac failure, W T Hill, 
Am Heart J , March, 1949, 37 435 — [G C 
Leiner) 

Pneumonia in Hemolytic Anemia — ^A 20 
year old woman died until an acute Iiemolytic 
anemia of unknown cause, pneumonia m the 
nght lower lobe, acute nephntis, and tlirombo- 
phlebitis of the left ihac vem The autopsy 
examination showed dissemmated fibnnoid 
artentis, nephntis, and an atypical pneu- 
monia of the nght lower lobe The pneumoma 
was characterized by the presence of a peculiar 
mterstitial infiltrate, consisting of plasma cells, 
lymphocytes and lai;ge mononuclear leuko- 
cytes Many of the alveoh contained fibnn 
Fibrm plugs uere seen m the alveolar capil- 
lanes and there were mtra-alveolar hemor- 
rhages There were numerous megakaryoc 3 dcs 
m the alveolar capillaries No microoi^anisms 
uere found — Acquired acute hemolytic anemia 
of unknown cause Report of a case with 
fibnnoid artentis, atypical pneumonia and 
lower nephron nephrosis, L J Rather, Arch 
Int Med , December, 1948, 82 578 — (C G 
Leiner) 

Lymphogranuloma Venereum — ^.in IS year 
old Negro complained of malaise, anorexia, 
cough, precordial pain, loss of weight On 
physical examination a pcncardial faction rub 
was heard and a single enlarged supcrclavic- 
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ular lymph node was found A chest roent- 
genogram showed enlargement of the hilar 
lymph nodes Tlie Frei test and the comple- 
ment fixation test for lymphogranuloma 
venereum were positive Histologic study of 
the supraclavicular Ijunph node showed the 
characteristics of lymphogranuloma venereum 
The specific virus was isolated from tliis 
node — Lymphogranuloma venereum in a pa- 
tient until mediastinal lymphadenopathy and 
pericarditis Isolation of the virus from the 
supraclavicular lymph node, IF H Sheldon, 
M J Wall, J DeR Slade, A A Heyman, 
Arch Int Med , October, 1948, 82 410 — ((? 
C Leiner) 

Epidemic Pleurodynia — ^Between July and 
October, 1947, 114 cases of epidemic pleuro- 
d 3 mia were observed at the Boston City 
Hospital The age of the patients was from 3 
to 69 years, 80 per cent bemg less than 30 
years old There were 77 men and 37 women 
The onset of the illness was sudden in most 
cases with pam as the first symptom Pam 
only in the chest occurred m 55 patients, m 
the chest and m the abdomen m 42, only m 
the abdomen m 16, only m the lumbosacral 
region m one Headache was common, cough, 
anorexia, diarrhea, and chills also occurred 
The patients had fever between 99° and 104°F 
Other findmgs were sphntmg of the chest, 
pleural friction rub, tenderness of abdomen or 
chest, shght to moderate enlargement of one 
or more groups of lymph nodes, pharyngitis, 
and tonsilhtis Roentgenograpluc examma- 
tions of the chest revealed no abnormahties 
Leukopema with eosmophiha was observed 
m some cases Pencarditis, orclutis, and 
mvolvement of the central nervous system 
appeared as comphcations The administra- 
tions of ppnicillin and streptomycin had no 
effect on the course of the disease Attempts 
to isolate the etiologic agent gave no results — 
Epidemic pleurodynia. Clinical and eiiologic 
studies based on one hundred and fourteen cases, 
J F Finn Jr , Th Weller A H R Morgan, 
Arch Int Med, March, 1949, 83 S05—(fi 
C Leiner) 


Chronic Bronchitis — Chrome bronchitis is 
charactenzed by cough, expectoration, and 
dyspnea These symptoms may be constant 
or mtermittent The author beheves that m 
most cases the condition is really a mild form 
of asthma In older people, left ventncular 
failure must be ruled out Other conditions 
from which it must be differentiated are 
smusitis, bronchiectasis, cj'stic disease, ab- 
scess, caremoma, and tuberculosis Asthma is 
the essential element m all cases and is often 
alhed with vasomotor r hini tis There are many 
children who are prone to bronchitis, this later 
wears off unless the mdividual is subject to 
unusual stresses, such as mihtary sernce 
Generahzed emphysema is the end result and 
IS the proof of the previous existence of 
bronchial spasm Infection is most often 
secondary Therefore, given a patient with 
so-called chrome bronchitis, the first step is 
to exclude other diseases The purulent infec- 
tion should be considered as secondary and 
treated with antibiotics Then the primary 
condition must be treated with antispasmodics 
and breathmg exercises — Chronic bronchitis, 
IF A Lister, Lancet, April SO, 1949, 1 719 — 
(A G Cohen) 

Tropical Eosinophilic Asthma — ^Tropical 
eosinophibc astlima is charactenzed by chronic 
bronchitis with nonseasonal nocturnal parox- 
yremal cough, dyspnea, leukocytosis, and high 
eosmophiha The disease may last for many 
years The etiology is unknown Administra- 
tion of arsemcals causes aggravation of symp- 
toms which IS followed by complete recovery 
Three cases of tropical eosmophihc asthma 
have been reported previously Two new cases 
are desenbed m this paper and a tiurd case is 
mentioned m a note All patients had been m 
the South Pacific area — Tropical eosinophilic 
asthma, report of two cases, I Fond A P 
Ravenna, Arch Int Med, November, 1948, 

82 4£3—{G C Leiner) 

Fluids for Bronchial Asthma — ^Intravenous 
use of dextrose is mdicated m the severe status 
asthmaticus patient m whom fluids by mouth 
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are not well tolerated or m those patients in 
whom orally administered fluids refle-avely 
produce severer asthma Contramdications to 
the use of dextrose are mmmuzed by the use 
of a 5 per cent solution m distilled water Not 
more than 500 cc per hour and 3,000 cc m a 
twenty-four hour period should be adminis- 
tered — Intramums me of fluids in bronchial 
asthma, J M Sheldon, J A M A , February 
19,1949,139 B08—{H Aheles) 

Pulmonary Complications of Dysphagia — 
Mechanical dysphagia comphcated by pul- 
monary lesions was present m 39 cases from 
the hterature and m 9 from the author’s senes 
This was caused by the aspiration of esophag- 
eal contents mto the bronchial tree The 
mechanism vaned with different lesions 
Carcmoma of the upper third of the esophagus 
was very likely to produce dysphagia, espe- 
cially when there was vocal cord paralysis 
Aspiration was less likely with neoplasms of 
the lower two-thirds The most frequent lesion 
comphcated by pulmonary changes was 
achalasia of the cardia, aspiration occurnng 
only dunng sleep Pharyngeal diverticulum 
was also a frequent cause Aspiration of 
esophageal contents differs from ordinary 
aspiration from the upper respiratory tract 
and mouth m that it occurs m small spills 
and the aspirated matenal is less likely to 
contam organisms The pulmonary lesions 
observed were lung abscess m 18 cases, 
bronchiectasis m 6, fibrosis m 10, hpoid 
pneumoma m 4, “pneumomtis” m 8, and 
collapse in 2 There was no hard and fast 
boundary between these lesions, one type 
often merged mto the other Tracheobronchi- 
tis often preceded the appearance of frank 
pulmonary lesions “Pneumomtis” m this 
article refers to nonspecific mflammation of 
the lung, it often occurred separately or in 
association with fibrosis or lung abscess The 
aspirations responsible were imnimal, sporadic, 
and of short duration Pulmonary abscesses 
were seen most often on the nght and in the 
upper lobes They were usuallj’’ the result of a 
major spill from the esophagus Prolonged as- 


pirations over many years gave rise to fibrosis 
which often was an end stage of pneumomtis 
or lung abscess A typical roentgenographic 
picture was that of bilateral midzonal fibrosis, 
more extensive on the right and often sharply 
demarcated below by the fissures There was 
very httle disabihty Lipoid pneumonia was 
the result of prolonged aspiration of oily 
substances such as nuneral oil The picture 
was similar to that of fibrosis with the addi- 
tional feature of oily deposits Collapse was 
due either to aspiration of a large bolus or to 
pressure by the enlarged esophagus Chmcally, 
the cases were arranged m 3 groups (Ji) major 
pulmonaiy and mmor dysphagic symptoms, 
(£) dysphagia with later development of 
pulmonary lesions, and (S) a few cases m 
which the symptoms appeared about simul- 
taneously There were 18 cases m group one 
Cough was the chief symptom Eight cases of 
“silent” dysphagia formed an important sub- 
group m which there was defimte obstruction 
to normal deglutition but no subjective 
difficulty m swallowing Group 2 contained 
26 cases In achalasia, the average duration 
pnor to the appearance of pulmonary symp- 
toms was 10 years The dysphagia usually 
was mmimal or penodic but regurgitation was 
common In carcmoma and stneture, symp- 
toms appeared sooner In younger patients, 
bronchiectasis was more likely to appear than 
abscess Acid-fast bacilli found m the sputum 
often were nonpathogemc types denved from 
food In group 3, consistmg of 4 cases, pul- 
monary and dysphagic symptoms appeared 
almost simultaneously — The pulmonary com- 
plications of dysphagia, J R Belcher, Thorax, 
March, 1949, 4 44 — {A 0 Cohen) 

Lipoid Pneumonia — ^Tlie insidious develop- 
ment of pulmonary changes m mdivnduals 
who take mineral oil for prolonged penods of 
time has been demonstrated Faulty degluti- 
tion IS not essential A proliferative t 3 'pe of 
pneumoma develops and sometimes takes on 
the appearance of a circumscribed tumor 
When the tissues are exammed, free oil is 
foimd m the alveoh The patients exhibit 
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remarkably few sjTnptoms In adxanced cases, 
dyspnea and cough de\elop and the patients 
may have recurrent infections The earhest 
roentgenograpluc lesion is a patchy infiltra- 
tion sinular to bronchopneumonia, at other 
times, the lesion has a hard appearance 
Later the infiltrations fuse mto a diffuse or 
circumscnbed dense shadow No hilar adenop- 
athy develops Early lesions clear up if the 
laxative habit is abandoned, more extensive 
lesions persist The condition must be differ- 
entiated from other chrome pulmonary 
diseases, especially cancer Besides evaluation 
of the clmical data, two tests are valuable 
The first is the exammation of the sputum 
for oil droplets A fine paper apphed to the 
surface of a collection of sputum will show 
grease spots Sputum exammed under the 
microscope after apphcation of scarlet red 
will show the characteristic stam of the fat 
droplets The other test is aspiration biopsy 
Fat droplets can be demonstrated m the 
xiashmgs The best treatment is prophylaxis 
In advanced unilateral mvolvement, parti- 
cularly with superimposed infection, surgical 
mctrapation may be considered The author 
reports 5 cases seen withm a two year penod 
m surveys performed on well adults — Pul- 
monary hazard of the ingeslion of mineral oil 
in the apparently healthy adult, L Schneider, 
New England J Med, February 24, 1949, 
240 2S4 — (A G Cohen) 

Pneumonitis following Bronchography — A 
case IS described m which there was no im- 
mediate untoward reaction foUowmg bron- 
chography About fourteen days later, hon- 
e\ er, the patient developed fever and urticaria, 
roentgenography showed an extensive pneu- 
momtis which had not been present earher 
All the symptoms gradually subsided In 
cases of this sort, a history of famihal or 
personal allergy usually is obtamable Pa- 
tients about to undergo bronchography should 
be questioned about previous reactions to 
iodides and also should have an mtracutaneous 
test with diodrast Even if these are negative, 
reactions may occur If positn e, the need for 
bronchography should be renewed The pro- 


cedure may be done, nevertheless, but the 
patient should be encouraged to ehmmate the 
iodized oil as soon as the test is completed and 
antilustaminic drugs should be given — 
Delayed pneumomiis and vntcana following 
bronchography, H E Bass, Neio England J 
Med, March SI, 1949, 240 605— {A G 
Cohen) 

Idiopathic Pulmonary Fibrosis — ^There are 
numerous causes of pulmonary fibrosis but 
idiopatluc fibrosis is a rare disease, the 
diagnosis of wluch reqmres the close coopera- 
tion of roentgenologist, pathologist, and 
clmician The roentgenograpluc appearance is 
similar to that of fibrosis of vanous known 
causes and there is usually considerable 
emphysema when the condition is well-de- 
veloped The exammation should mclude 
fluoroscopy to detect abnormal movement of 
the diapliragm, locahzed areas of emphysema, 
and paradoxical motion of the mediastmum 
The early stages of the disease may not be 
distmguishable from numerous other proc- 
esses Later, there is an mcrease m the hnear 
shadows, accompanied by a tendency to 
nodulanty and some impairment in motion 
of the diaphragm In the far advanced stage 
there is marked thickemng of the strandhke 
shadows mterepersed with areas of emphy- 
sema In most cases the walls of emphysemat- 
ous blebs are clearly demonstrated and there 
IS defimte limitation of motion of the dia- 
phragm, especially on expiration Paradoxical 
motion of the mediastmum, heart, and trachea 
IS also generally noted In one form of idio- 
pathic fibrosis, the emphysema is out of pro- 
portion to the fibrosis Cor pulmonale is often 
present but the heart shadow may be poorly 
seen because of the extensive fibrosis — Idio- 
pathic pulmonary fibrosis Roentgenologic find- 
ings, L L Robbins, Radiology, October, 194S, 

51 459— IG F Mifdicll) 

Interstitial Fibrosis of Lungs — A 33 year 
old male prmter complamed of cough, d 3 ’sp- 
nea, palpitation, and fatigabihty A chest 
roentgenogram showed fine infiltrates m both 
lower lobes Dj'spnea, cyanosis, and cough 
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increased and roentgenograms showed exten- 
sion of the process throughout both lungs 
The patient died with the signs of pulmonary 
msufEciency Histologic examination of the 
lungs rex'ealed thickenmg of the alveolar 
septums due to connects e tissue prohferation 
and prohferation of the alveolar epithelial cells 
This IS a case of acute diffuse interstitial 
fibrosis of the lungs, w'hich w'os first desenbed 
by Hamman and Rich The etiology of the 
disease is not knowm — Acidc diffuse inicr- 
shiial fibrosis of the lungs, B P Poller d. I E 
Gerber, Arch Ini Med, August, 194S, 82 
113 — (ff C Laner) 

Granulomatous Nocardiosis — A new' gran- 
ulomatous disease entity caused by an unusual 
acid-fast orgamsm is described The patient 
was a white cluld, 34 months old, w'hose illness 
began with anorexia, nausea, x'omitmg, and 
progressive weight loss about four and one- 
half months before her death Her course was 
afebnle Shortly after the onset of her illness 
a mass was noted m the abdomen An en- 
larged mgumal node was removed and show’ed 
complete alteration of its arclutecture with 
prohferation of the macrophages, the cyto- 
plasm of which appeared foamy and granular 
These cells contamed massive numbers of 
acid-fast, bacilhform orgamsms resembhng 
tubercle bacilh The morphologic, cultural, 
and biochemical charactenstics of tins organ- 
ism were those of a fungus but differed 
significantly from those of similar fungi It 
was considered a new species of the family 
Actinomycetaceae, to which the name Nocardia 
xniracellulans was given In the child this 
organism producted a pure form of granulo- 
matous inflammation characterized by phago- 
cytosis of the pathogen by reticulo-endothehal 
cells with prohferation of these cells In 
the spleen and lymph nodes the proliferation 
of macrophages displaced completely the 
normal structure There was equihbnum 
between the organism and its host cell to the 
extent that massive mtracellular parasitism 
constituted the most distmctive feature of the 
disease Comparatively httle necrosis oc- 
curred, and there was no response on the part 


of polymorphonuclear leukocytes or other 
mflammatory elements customanly found in 
the common mfectious granulomas N 
xniracellulans produces a nonlethal disease in 
gumea pigs, rats, and mice It produces no 
lesions in chickens, rabbits, frogs, and gold- 
fish In the experimental animal, N intra- 
cellulans provokes a response which differs 
sharply from the reaction in man This differ- 
ence is to be found m the comparatively 
extensive necrosis and relative paucity of 
mtracellular organisms The lesions heal 
rapidly in the experimental ammal and are 
accompanied by the production of sensitivity 
of the tubercuhn type — Pure granulomatous 
nocardiosis A new fungus disease in man due 
to a hitherto undesenbed organism, Nocardia 
xniracellulans, n sp , including a study of the 
biologic and pathogenic properties of this 
species, J T Cuttino &, A M McCable, Am 
J Path , January, 1949, 25 1 — (/ S 

Woolley) 

Pulmonary Actinomycosis — ^Actmomycosis 
IS a rare disease, bemg most frequent among 
farm workers but occurrmg m both rural and 
urban commumties The commonest site of 
disease is the ahmentary tract, especially m 
the ileocecal region, suggestmg the oral route 
of infection, but the thorax is the primary site 
m one of 7 cases The mfectmg organism m 
thoracic actinomycosis is usually anaerobic 
although the aerobic form is responsible for 
some cases The thorax may be mvolved 
pnmanly, either by the mhalation of mfected 
matenal or by penetration through the wall 
of the esophagus to the postenor mediastmum 
with spread to the lungs It may be mvolved 
secondarily as a result of spread from cervical 
actmomycosis, retropentoneal or hepatic m- 
fection, or by hematogenesis dissemmation 
When the lung is primarily mvolved, con- 
sohdation occurs usually m one of the lower 
lobes If the visceral pleura is reached, pleural 
effusion IS produced The mfection may then 
mvolve the thoracic wall with an empyema 
necessitatans If the postenor mediastmum is 
mfected, the thoracic vertebrae and adjacent 
nbs may be attacked Cerebral abscesses 
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occur frequently ns a complication of pul- 
monarj’^ actinoma cosis follonang hematoge- 
nous dissemination Early thoracic actmomj - 
cosis causes aerj slight symptoms such as 
cough or a ague chest pam Phj'sical cvaraina- 
tion of the lungs maj re\ cal signs of consolida- 
tion or of fluid Later an abscess of the chest 
avail may dea'clop ^^^th long-standing infec- 
tion, the symptoms are those of chronic sup- 
puration avath fea'er, anemia, cachexia, and 
finally amjloidosis The diagnosis of actmo- 
mycosis is certain only avhen the character- 
istic sulfur granules haae been seen or avhen 
the organism itself has been cultia^atcd, 
secondary mfection often makes the labora- 
toiy diagnosis difficult The radiographic 
findings are varied, dependmg on the struc- 
tures of the chest mvohcd, and no character- 
istic changes may be expected Three cases of 
pulmonary actmomycosis arc presented The 
first had a lung abscess of pecuhar tj^ie which 
first suggested the diagnosis The second case 
was charactenzed by multiple abscesses, 
prominent a oscular markings, and dilated 
bronclu wath abundant sputum The tlurd 
case had a mediastmal effusion Aspirated 
fluid revealed the organism m the third case 
All 3 cases responded favorably to pemcillm — 
PvlmoTwrij actinomycosis, S F OosUiuxzen &. 
N H Fainsinger, Bni J Radiol , March, 
l9Ji9, 22 16S—B Hyde) 

Coccidioidomycosis — A two- to five-year 
follow-up study of 20 veterans of World War 
II wath vanous residual pulmonary lesions 
of coccidioidomycosis is presented wath the 
case histones of 13 patients All patients had 
hved for some tune in the endemic area The 
residual lesions were nodular densities, cavi- 
ties, mottled infiltrations, fibrosis, pleural 
effusion, and calcifications There was httle 
or no change m the findmgs over the period of 
two to five years The skm sensitmty to 
coccidioidm diminished slowly In one case 
with disseminated lesions, the coccidioidm 
skin test was negative Almost all patients 
were asymptomatic — Coccidioidomycosis Per- 
sistence of residual pulmonary lesions, H 


E Bass, A SchoncT d, R Bcrlx, Arch Int 
Med , December, lOJfS, S2 519 — {G C Lcincr) 

Coccidioidomycosis of Cattle — ^Coccidioido- 
mycosis was commonly found affecting the 
bronclual and mediastinal lymph nodes of 
cattle slaughtered under Federal inspection in 
Phoenix, Anzona No lesions were found 
outside of the thoracic cavuty and none were 
of sufficient extent to warrant condemnation 
of the carcass The disease was present m 1 3 
per cent of the slaughtered cattle It is im- 
possible to detect coccidioidomv cosis m cattle 
on ante-mortem inspection and it is debatable 
whether the fungus gains entrance by mhala- 
tion or via the digestive tract Coccidwides 
immiiis is prevalent m Anzona where it is diy 
and dusty Pathologically the affected lymph 
node has a bulbous appearance Cross-section 
reveals few or numerous circular areas of 
pathologic tissue, each with a purulent center 
which may be wlute to hght cream in color 
Little or no change is noted m the surrounding 
lymphoid tissue — Cocadioidomycosis of cattle 
in Arizona, C J Prchal, J Am Vet M A , 
June, 194S, 112 461 —{L Hyde) 

Interstitial Pneumonia in Dogs — ^Two 
camne cases of mterstitial pneumoma with 
giant cells and mclusions are reported The 
presence of both cj'toplasmic and nuclear 
mclusions mdicates the presence of distemper 
vinis This pneumoma is different from the 
typical exudative bronchopneumoma seen m 
3 field cases of distemper The mterstitial 
pneumoma probably’’ is a pnmary virus lesion 
while the exudative bronchopneumoma is due 
to secondary bactenal infection — Interstitial 
pneumonia with giant cells and inclusions, 

D R Cordy, J Am Vet M A , January, 
1949, 114 21 — -(L Hyde) 

Antimicrobiu, Therapt 

Streptomycin and Streptokinase for Tuber- 
culous Meningitis — ^Necropsy of patients 
djung of tuberculous memngitis reveals a 
fibnnous exudate contaimng tubercle bacilh 
which streptomycin apparently does not 
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penetrate It was decided to try strepto- 
kinase which 13 obtained from cultures of 
hemolytic streptococci When injected alone 
intrathccally, this substance gave a pleiocyto- 
sis comparable to that produced by strepto- 
mycin There were no untoward clinical 
effects It was then given simultaneously with 
streptomycm sulphate m clmical cases of 
tuberculous meningitis When streptomycm 
alone was used, there were 3 recovenes (21 per 
cent) in 14 cases When the two were com- 
bmed, there were 11 recovenes (58 per cent) 
m 19 cases — Slrepiomycxn-strcptohnase ireat- 
mcnl of ivhcTculous meningilis, I A B 
CaUiic, Lancet, March 18, 1949, 1 44^ — (A 
G Cohen) 

Streptomycin for Extrapulmonary Tuber- 
culosis — Streptomycm was used m the treat- 
ment of extrapulmonary tuberculous lesions 
m 92 cases There was sigmficant pulmonary 
activity in only 2 cases, most of the others had 
healed residua Many patients had multiple 
lesions making a total of 157 The earher 
doses of streptomycm were as high as 30 
Gm a day More recently, the dosage has 
been 1 0 Gm daily for 42 days The results 
of treatment were graded as excellent m 50, 
good m 36, and failure m 14 per cent There 
were known recurrences m 8 per cent of the 
cured group The results were best m cases 
with smuses, closure occurred m 67 per cent 
m an average of 62 days, the other 33 per cent 
were improved In bone and jomt disease, the 
results were excellent m 35, good m 47 and 
failure m 18 per cent In gemto-urmary 
disease they were excellent m 52, good m 13 
and failure m 15 per cent In 74 per cent of 
postnephrectomy cases urme cultures were 
positive mitiaUy and turned negative Poor 
renal function is not a contraindication if the 
drug IS given m small doses There was 
prompt arrest m 2 cases of lupus vulgans In 
5 cases of ademtis the results were excellent 
m 2 and good m 3 In 3 cases of pentomtis 
the results were excellent m one and un- 
proved m 2 In 4 cases of mastoiditis the 
results were excellent m 2 and good m 2 In 


4 cases of paraplegia secondary to spmal 
disease, there was complete cure m 2 and 
great improvement m one — Sireplomyevn in 
(he treatment of extrapulmonary tuberculosis, 
K Jellinek, New England J Med , Arpil 88, 
1949, 240 681 —{A G Cohen) 

Streptomycin for Tuberculous Endometritis 
— A woman aged 26 was found to have a 
positive endometrial biopsy for tuberculosis 
There was no evidence of tuberculosis else- 
where m the body She received 0 5 Gm of 
streptomycm twice daily for 129 days and 
was kept on bed rest FoUowmg treatment, 
curettage showed no evidence of tuberculosis 
histologically or by culture — Streptomycin 
tn the therapy of tuberculosis of the endo- 
metrium, A Aronson A R W Dwight, New 
England J Med , February 84, 1949, 240 
894 ~{A G Cohen) 

Streptomycin for Tuberculous Enteritis — 
In Veterans Admimstration hospitals 33 men 
have been treated with streptomycm for 
tuberculous ententis Tliere were 29 white 
patients, 3 Negroes, and one Mexican The 
average duration of their tuberculosis was 
nmeteen months and all had far advanced 
pulmonary tuberculosis Intestmal symptoms 
had been present four to six months pnor to 
treatment Intramuscular mjections of 1 0 
to 2 0 Gm of streptomycm were given daily, 
at present 1 0 Gm m 2 doses is recommended 
Oral treatment was employed m 2 cases but 
four to SIX ^eeks elapsed before complete rehef 
was obtamed compared to one week when 
mtramuscular treatment was used Treat- 
ment usually was given for 60 to 120 day's, 

6 patients were treated only fourteen days 
The drug uniformly reheved symptoms almost 
immediately Increased appetite was noted 
first In a few days there was loss of abdommal 
tenderness, ngidity, and distention The tem- 
perature dropped to normal and there was a 
weight gam proportional to the previous 
weight loss Tubercle bacilh disappeared from 
the sputum m only 8 cases The pulmonary 
disease was not greatly improved m the 
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majonty, although 3 patients received thora- 
coplasty after rccovenng from their intestinal 
disease A fourteen day course of treatment 
was employed m 6 cases for the relief of 
symptoms only, the symptoms recurred in 2 
cases Of those receiving a longer course, 25 
patients have been followed for an average of 
Biv and one-half montlis One patient had 3 
recurrences but for seven and one-half months 
has been symptom-free His pulmonarj disease 
also appears inactive Two patients were 
operated on for acute appendicitis without 
developing a fecal fistula One patient with 
tuberculous ententis and epididjimtis had had 
a resection of the ileum with a colostomy, he 
expenenced marked relief Roentgenograms 
and fluoroscopic reports of 17 patients showed 
abnormahties before treatment The appear- 
ance returned to normal m 6 patients, 8 
showed improvement with some residual 
deformity Two patients showed marked 
residual deformity, one developed signs of a 
small bowel obstruction and one showed no 
roentgenographic change in spite of clmical 
improvement From the radiological stand- 
pomt it was impossible to determine the ideal 
length of treatment However, normal roent- 
genograms can be expected eventually if the 
abnormahties are pnmanly those of local 
imtation Where ulceration has been deeper, 
more widespread, and of longer duration, 
there may be further distortion due to scar 
contraction — Slreptomijan in the trealmenl of 
tuberculous ententis A report of tliirtij-three 
cases, E E Mason, 17 17 Kndelbaugh, 17 
H Crouch, tSi M Ward, Am J M Sc, 
January, WJfi, 217 S8 — {G F Mitchell) 

Tuberculosis with Addison's Disease — A 
22 year old woman with tuberculous cavita- 
tion received pneumothorax and pneumonoly- 
sis despite which bilateral spread occurred 
She had mcreasmgly severe nausea, vomitmg, 
and abdommal pam so that she became unable 
to retam even liquids There was a rapid loss 
of 37 pounds No tuberculosis of the gastro- 
mtestmal, unnary, and pelvic organs could be 
demonstrated and a diagnosis of Addison’s 
disease was made Treatment with adrenal 
cortex and streptomyem was followed by 


marked improvement wathin a week The 
pneumothorax was mam tamed The cavitj 
closed and tubercle bacilli disappeared from 
the sputum The Addison’s disease may hav e 
been brought under control bj the strepto- 
mycin — Aciuc pulmonary tuberculosis to- 
gether uith Addison’s disease, M C Cheney, 
JAMA, Apnl 16, 19Ji9, 139 1077— {E 
A Roujf) 

Streptomycin-enhanced M Tuberculosis — 
Streptomjcin greatly enhanced the growth 
of one stram of Mycohactenum tubcrcidosts 
The organism was obtamed from a 33 year old 
patient on the nmety-sixth day of treatment 
for adv'anced pulmonary tuberculosis wluch 
had been spreading constantly despite ther- 
apy The organism grew very poorly and 
slowly m the control tube without strepto- 
myem but luxuriantly' m tubes of either 
Dubos-DavTs or Lowenstem-Jensen medium 
contammg 1 0 7 to 1 ,000 7 of streptomy cm per 
cc Growth at 1,000 was less striking but much 
greater than the control Tlus observ ation was 
dupheated m 5 of 7 trials Another sputum 
sample was obtamed four months later The 
bacilh from this specimen would not grow m a 
medium without streptomyem but showed 
good growth on slants contammg 1, 10, or 
100 7 of streptomyem per cc — Enhancement 
of growth of a strain of M tuberculosis (car 
hominis) by streptomyem, G Spendloie, M 
Cummings, 17 FacUer, A M Michael, Pub 
Health Rep , September 3, 1948 63 1177 — (5 
Hadley) 

Streptomycin-resistant Tubercle Bacilli — 

A large proportion of tuberculous mice, 
treated with amounts of streptomyem which 
permitted a relativ'ely long survival tune, 
yielded streptomycm-resistant tubercle bacilh 
The more streptomy'cm administered the 
longer the survival time and also the greater 
the mcidence of streptomy'cm-resistant strains 
of tubercle bacilh — Occurrence of streptomycin- 
resistant tubercle bacilli in mice treated with 
streptomycin, G P Youmans, E H Willision, 

&. R R Osborne, Proc Soc Exper Biol 
d, Med, January, 1949, 70 86 — {F B 
Seibert) 
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Kcoimcln — ITccuv'^c of the chsnd\ outages 
of "treplonn ein, a “jcirch has been continued 
among tfie StroptomMCs for n compound 
^\hlch would be cffcctuc agiunst the strepto- 
im cm n '•istnnt Inctena, cspccnlh M luhcr- 
ctiJo'-is Xconncin Fccms to be such an ngent 
It IS a b\sip compound, most acluc m nlLalmc 
solution It IS soluble m w iter, insoluble m 
oiganic sob cuts, and is thermostabile It is 
actuc airunst numerous grim-positn e and 
gramnegatne barton i, ospcciallj Mycohac- 
/cna but not against fungi It displaj*s similar 
actnili against slrcptomj cm scnsitu c and 
streptomjcm-rcsistant bacteria and consider- 
able acti\it\ against M luhcmthsis It has 
httlc or no acute toKicitj to animats — Nco- 
micin, a nac antilnolic acluc against slrcpto- 
mycin rcstslanl baclcna, inchtdtng tuberculosis 
organisms, S A hVabsman A II A Lcchc- 
taker, iSncncc, March S3, lOJ/O, J09 805 — 
{E A Rouff) 

Lupulon — Lupulon, a fat-soluble antitu- 
berculous agent demed from hops, was eflcc- 
ti\c in intro m a dilution of 1 40,000 UNlicn 
gi\en orally or intramuscutarlj it was active 
agamst experimental mouse infections of ilf 
lubcrculosis Treatment wath lupulon effected 
a reduction of approximately 4 to 1 in the 
numbers of acid-fast organisms in the lesions 
of animak infected wath the H37Rv strain 
over those not treated Tlie LD50 on a smgle 
intramuscular m]ection was GOO rag per Kg 
m mice, on a smgle oral administration it was 
1,500 mg per Kg — Anlilubcratlous activity 
and toxicity of lupulon for the mouse, Yin- 
Ch’ang Chin, H A Anderson, G Alderton, A 
J C Lems, Proc Soc Exper Biol d Med , 
January, 1949, 70 16S — (F B Seibert) 

Salicylate = PAS Antagonism — ^The bac- 
teriostatic effect of para-ammosaheyhe acid 
(PAS) w’as antagonized by high concentra- 
tions of saheyhe acid Tlus effect of the 
sahcylate was highly specific and not shared 
by related compounds In one experiment it 
was shoivn that one mole of PAS was antag- 
onized by 4 to 12 moles of sodium salicylate 
One mole of para-ammobenzoic acid also 
abolished the effect of 4 moles of PAS 


Pantothenic acid did not inhibit the tuberculo- 
static effect of sahcjlatc — Antagonism be- 
tucai effects of p-aminosahcylic acid and 
salicylic acid on grouth of M tuberculosis, 
G Irdnoincs, Proc Soc Exper Biol A 
Med , March, 1049, 70 4G2 — (F B Seibert) 

LABOnATOui Studies 

Specific Serum Agglutination of Erythro- 
cytes — Red blood corpuscles can adsorb 
vanous substances and thereby can be 
rendered specifically agglutinable by an anti- 
body directed agamst the substance adsorbed 
The authors obsenmd that the sera of tuber- 
culous cxpenmental animals and of tuber- 
culous patients can agglutinate erythrocytes 
premouslj treated wath aqueous extracts of 
tubercle bacilli or wath products from their cul- 
ture filtrate Washed, packed sheep red cells 
were suspended m an excess of an isotomc, 
neutral, dialyzed solution of a crude poly- 
sacchandc fraction of tubercle bacilli Tlus 
was prepared by extracting the bacilh wath 
aqueous dibasic phosphate solution after 
cxliaustn c cx-tmction wath 88 per cent phenol 
solution Wlien meubated wath this extract, 
the red cells adsorbed the polysaccharide 
matenal The red cells then were w'ashed with 
isotonic saline solution and resuspended m 

0 5 per cent concentration m sahne for use as 
"sensitized cells” m the hemagglutmation 
test The serum to be tested was first heated 
to mactivate complement and then treated 
wath approximately one-fifth of its \olume of 
washed, packed, unsensitized sheep cells 
This treatment was repeated m order to 
remove any nonspecific antibodies w'hich 
might agglutmate unsensitized cells The 
hemagglutination test was performed by 
addmg to dilutions (1 8 to 1 1,024) of the 
treated serum an equal volume of the 0 5 per 
cent suspension of sensitized red cells Ap- 
propriate controls were mcluded m each test 
The sera of rabbits mjected with BCG 
shnwed varying potencies when tested All 
showed some agglutmation m a dilution of 

1 80 and several agglutmated at 1 1,280 
The sera of patients with active pulmonary 
tuberculosis gave agglutmation m dilutions of 
1 8 to 1 32 One patient with mihaiy tuber- 
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culosis had a titer of 1 256 None of the sera 
from nontuberculous individuals, including 
Wasserraann-positive specimens, gave titers 
higher than 1 4 One sample of deglycennated 
OT was found capable of sensitizing the sheep 
erythrocytes, showing that at least one sub- 
stance responsible for sensitization is heat- 
stable and 13 present m the filtrate of cultures 
of mammalian tubercle bacilli E\penmcnt3 m 
which the carbohydrate and the protcm frac- 
tions of bacillary extracts and culture filtrates 
were used to mhibit the specific hemagglutina- 
tion demonstrated that the matenal respon- 
sible for the hemagglutination resides m the 
polysacchande fraction, very small amounts 
of this fraction could be detected by this 
techmque Extracts of virulent and avirulcnt 
bacilli were equally effective in sensitizmg the 
red cells The antibody responsible for this 
hemi^lutmation test circulates m the blood 
of immunized animals and of human beings 
with active tuberculosis The test exhibits a 
high degree of specificity and, m particular, 
does not give nse to any cross-reaction with 
Wassermarm-positive sera as sometimes occurs 
m the case of the complement fixation reac- 
tions m tuberculosis The specific hemag- 
glutmation reaction can be inhibited by add- 
mg the soluble reactive antigen to the serum 
before mtroducmg the sensitized red cells mto 
the system Under these circumstances the 
soluble antigen, if present m sufficient amount, 
combines with its correspondmg antibody and 
prevents it from agglutmatmg the sensitized 
erythrocytes This mlubition test, when 
utihzed together with the agglutmation test 
proper, perrmts the quantitative detection of 
very small amounts of the sensitizmg antigen 
It will be mterestmg to test Vrhether this 
techmque permits the detection of specific 
antigen circulatmg in vivo — Specific serum 
agglutmation of erythrocytes sensitized vnth 
extracts of tubercle bacilli, G Middlebrooh &, 
R J Dubos, J Expcr Med, November 1, 
1948, 88 521 —{J S Woolley) 

Nucleoproteins of Avian Tubercle Bacilli — 
Crude nucleoprotem was best extracted from 
ether-washed, dry tubercle bacilh of the avian 


strain by grmdmg them for 30 mmutes with 
glass ponder and borate buffer at pH 8 3 and 
then shakmg them in the cold mth this buffer 
for tno days The extracts, after centnfugmg, 
were dialyzed against water Glycogen was 
removed by sedimentation at 31,000 g and 
then the supernatant was agam dialyzed and 
dried m a vacuum from the frozen state 
It was further found that a nucleoprotem 
fraction flocculated around pH 4 0 but failed 
to precipitate m half-saturated ammomum 
sulfate at pH 6 3 It contained mostly descxj'- 
pentose nucleic acid Attempts to isolate the 
nucleic acid from the nucleoprotem by means 
of proteol 3 rtic enzymes, dismtegration by 
prolonged dialysis against molar sodium 
chloride, or precipitation with lanthanum 
mtrate were not successful Cleavage with 
saturated sodium chlonde was partially effec- 
tive but it was more successful with sodium 
desoxycholate Further purification was made 
by means of electrophoresis through which a 
nucleic acid fraction of 6 6 mg was obtamed 
This fraction contamed 12 9 per cent nitrogen 
and 7 6 per cent phosphorous — On the 
nucleoproteins of avian tuberde bacilli, E 
Chargaff &, H F Saidd, J Biol Chem , 
January, 1949, 177 417— (F B Seibert) 

Nucleic Acid of Avian Tubercle Bacilli — 
Desoxypentose nucleic acids derived from 
avian tubercle bacilh and from yeast were 
found to contam the punnes, adenme and 
guamne, and the pynmidmes, cytosme and 
thymme No 5-methyl-cytosme could be 
detected m the nucleic acid of the tubercle 
bacilh The sugar components of both nucleic 
acids, released by the h}'drolyBis of the 
enzymatically produced nucleosides, were 
found to be identical with the desoxypentose 
of thymus nucleic acid, i e , 2-desoxynbose 
The pentose nucleic acid of the tubercle 
bacillus was shown to contam nbose — Micro- 
bial nucleic acids The desoxypentose nudetc 
acids of aman tubercle bacilli and yeast, E 
Visdier, S Zamcnhof, 6L E Chargaff, J 
Biol Chem , January, 1949, 177 4^ — {P 
B Seibert) 
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Pulmonary Anoxemia — SludiCH of rcspin- 
too and circulotorj functions were made in IS 
pnticnta nith different dcprccs of pulmonary 
fibro'-i.s and cnipliy*‘cnn Alveolar carlwn 
dioxide tcniion waa incrcawJ, aU colar oxy gen 
ten-don V as decreased Due to unequal ventila- 
tion, the composition of the alveolar air la not 
uniform m the emphysematous lung Tlio 
ventilation rate n is slightly increased, which 
may be due to cardiac dccomixmaation or to 
the asphyctic stimulus The total pulmonary 
capacity was slightly decreased The average 
tidal air, the vital capacity, and the complc- 
mcntal air were less than normal, but the 
reserve air was about normal Tlic residual air 
and functional residual air were incrca‘’cd The 
basal metabolic rate was increased in some 
cases The ovygen capacity of the blood was 
increased in most cases Tlicre was a coarse 
correlation between the degree of anoxia and 


the rcsfvonse of the l>onc nmrrow Tlic licmo- 
plubm content per 100 cc of red cells was 
lower than m nonnal subjects at sea level or 
at high altitude Althmigh the ovygen content 
of the arlcn.ll blood was shghtlv increased, 
ovvgen saturation and prea'-ure were below 
noni.al Tlic alkaline reserve was nonnal in 
whole blood, incnea'cd in plasma Hie total 
carbon dioxide rontent and pressure of the 
artcnal blood waas increased, the pll was dc- 
c rased Tiie difTcnnro between alveolar and 
nrtenal ovygen pre-sures was considerably in- 
creased but tlic difference between the earlxm 
diovidc jiressure; was oiilv sliglitly increased 
Ovygen breit’iing caused a decrease in the 
ventilation and m the blood ovygen capauty, 
an inrrease m the difference bctv.cen alveolar 
and nrtenal owgen, a nse m the nrtenal 
carbon diovidc prrasure, a deereasc of the 
artcnal pII, and a dimmisliwl heart rate 
Brc.athmg of carlxm diovadc caused a smaller 
incrc-asc in the vcntihtion than m normal 
persons An clovalevi venous pre-ssurc waa 
found only when canine insufllcicncy was 
present Lllicr and dcrholin circulation times 
were mcreascvl in most t ises The blood 
volume inu illy was increased due chiefly toim 
increase m the erythrocytes The aardiac 
output was diminished m cases with cardino 
lasuflicicncy — Itcspiralion and arculalxon in 
puhnonari/ anoxemia, A C Taquim, T C 
rosne’o, J R L Suarez iL II Chxodi, Arch 
Ini Med , December, lO^S, S2 534 — (f? 0 
leaner) 

Ponuc Hi Ain'Ji and Epidi mioloqy 

Tuberculin Reactions In the Aged — Tu- 
berculosis tests were pcrfoimcd m 1947 on 257 
unsclcctcd boarders at a Pansian home for tho 
aged Only 17 persons (G G per cent) had a 
negative reaction to a Mantouv test, using a 
1 100 dilution of tuberculin, only 14 persons 
had a doubtful reaction In tho age group of CO 
to 09 years, 4 per cent gav'c a ncgativ'e re- 
action, in the group 70 to 79 y'cars, 7 per cent, 
and m the group 80 to 102 y'cars, G 9 per cent 
had a negative reaction This raises a question 
as to "anergy” due to old age —Les riaclions 
tulercuhmqucs culanics dans un hospice 
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•pansicn dc mallards, Ch Coxmj d P Marland, 
Rev dc la tuberc , 194S, 12 S91 — (F Laics) 

Chest Roentgenograms in Tuberculosis — 
The clinical significance of minor pulmonary 
infiltrates cannot be determined with accuracy 
from the chest roentgenogram and each case 
must be considered indi\adually The early 
diagnosis of tuberculosis depends upon the 
recogmtion and evaluation of nodular m- 
filtrates usually located at the ape\ of the lung 
anterior to the plane of the first rib and 
shghtly above it The maiont}' of these 
infiltrates heal, but small caseous areas un- 
predictably may produce fresh lesions by 
broncluolar emboh A single negative bacteno- 
logic exammation does not mean that dan- 
gerous numbers of bacilli will not be excreted 
later and frequent chest roentgenograms are 
probably the most reliable method for foUow- 
mg mmimal mfiltrates Tuberculosis im- 
doubtedly spreads from apical foci with 
greater frequency m Negro than m w’hite 
patients, but chest roentgenograms should be 
repeated every three months m any patient 
with a mmimal infiltrate Apical lesions m 
older males must be observed carefully smce 
it IS now apparent that these lesions may 
progress m mdmduals whose resistance is 
aflected by metabohc, degenerative, and other 
changes accompanmg advancmg age Annual 


roentgenograms of the chest should be a 
minimum recommendation for these patients 
To feel falselj' secure about any pulmonaiy 
infiltrate is dangerous to the patient and may 
expose others to months of contagion — The 
role of the chest roentgenogram in the eiabtalwn 
of pidmonanj tuberculosis, H M Payne, 
J Nat M A, Sepfember, 1948, 40 210 — 
{L Hyde) 

Lung Cancer in Chromate Workers — 
Workers in tlie chromate mdustry have been 
studied because of the high mcidence of lung 
and respiratory tract caremoma that has been 
noted among them Tlic group studied m- 
cluded 1,445 employees The mean duration of 
exposure to chromates was 14 5 y'ears Of all 
the deaths m these men, 21 8 per cent were 
due to cancer of the respiratory system, tlus 
IS 16 tunes the expected rate of 1 3 per cent 
In 5 or 6 of the plants studied, the rates m the 
group ox er 50 years of age ranged from 20 to 70 
tunes that for a comparable mdustnal group 
One plant which handled only bichromate and 
cliromic acid had no deatlis due to caremoma 
of the respiratory tract This suggests that the 
monochromates may be the compounds 
responsible — Cancer of the respiratory system 
in the U S chromate-produang industry, W 
Machete d G Gregonus, Pub Health Rep, 
August 27, 1948, 63 1114 — (S Hadley) 



THE COST OF RESEARCH ON TUBERCULOSIS IN 
THE UNITED STATES 

Analysis of Allocations in 1947-1948 

MitGiXLv c\mi:ron> 

(Rcccncd for public ition 2, 1949) 

I^TnODUCTION 

tlic ten tens impoilint •scientific cliscot cries have led to gieatlj' 
ineiei'sed appiopiiations foi icscucli in the United States Im cstigations in 
pln&uo-ehcnncal, mcdual, and othei fields vcie stimulated and mteii'^ificd b} 
Woild Wii II Establishment of a National Science Foundation, nuclei the aiis- 
pice=: of the Fcdei d rioceiiimcnt, has been mudi discussed m lecent jeais and, 
m 1947, the Pic‘=ident’s Scientific Rc'^eaich Boaid made i sunev of leseaich 
undei ^^a^ at that time, its cost, ind the fiituie needs foi a veil cooidinated 
progiam of scientific icseaich m the United States 

Vccoidmg to All Tohn R Stcelmui, Chaiiman of the President’s Scientific 
Rc'eauh Boaid, 

\s a N ition, we should spend each c car no le«s th ui one per cent of our national income 
for research and decclojinicnt in the ])li\sicil and biological sciences, including medi- 
cine Our present n ition il research and dccclopmcnt budget amounts to ibout oiie- 
lulf of oiiepercent (1) The Nation is a whole incests onh iround SllO million annualh 
for scientific rc<!earch and dec clopmcnt in medical and ilhcd fields, as contiasted with moie 
thin 10 times that amount s|)cnt foi all othei forms of scientific inquin (2) 

All Steelman points out fvuthei that 

The thillenge of our times is to ad\ incc is ripidh as possible the undeistanding of 
diseases that still resist the skills of science, to find new ind betterwacs of dcalingwith dis- 
eases for which some thcripics iic known, and to put this new knowledge elTectivelj to 
woik (2) 

Singulailv, this statement lepiesents the philosophy of the Committee on 
Aledical Reseaich of the National Tubeiculosis Association m the establish- 
ment of a medical leseaich piogiam m the fall of 1920 In his piesidential ad- 
diess at the annual meeting of the Association in 1921, Di Geiald B Webb 
leiteiated the piinciples set down by the Comnuttee wdien he stated that 

We must frankh state our knowledge of the disease, and also the extent of oui ignorance 
regarding tubeiculosis, so that we can morcwiselj guide theeffoitsmadein prevention and 
cure, and diiect leseaich to bung fuithcr enlightenment (3) 

Stimulated bj the findings of the Piesident’s Scientific Reseaich Boaid and 
by a desiie foi a moie detailed analj’^siS of the cost of inv^estigation in its owm 
field, the Division of Reseaich of the National Tubeiculosis Association col- 

'Medical Research Secretarj , Ameiican Tiudeau Society, Medical Section of the Na- 
tional Tubeiculosis Association 
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lectcd infoimation on the amount spent foi tubeiculosis leseaich m the United 
States Dati neie compiled nitli tlie assistance of official and ^ oluntan agencies, 
unn eisitics, foundations phaimaceutical houses, and fiims m unif ictuiing X-ia}* 
equipment Although the hscal jeai \aiios with difieient oigamzations, the 
hguies used lepiesent funds icpoited foi i tweh c-months’ peiiod duiuig 1947- 
194S 

The sun ey is not exhaustn e, but it is hoped it will jucsent sufficient informa- 
tion to be of some ^alue m futuie planning Theie aie mam intangibles, the 
cost of which cannot be accuiateh leckoned, and the gieatest of these is per- 
sonnel Sen ices within all of the gioups mentioned abo\e as well as the cost 
of buildings and then maintenance, which max indiiectlx inciease the cost of 
tubeiculosis leseaich, lepiesent a sum impossible of calculation Undoubtedly 
it IS of laige size 


T\PES OF RESEVRCn 

Reseaich, accoiding to j\Ii Steelman (2), max be categoiized as follows 
(a) basic, oi fundamental leseaich, i c theoietical analxsn, exploiation oi ex- 
pel imentation, (b) backgiound leseaich, i c , sxstematic obsen ition collection, 
oiganization, and piesentation of ficts (c) applied ie«eaich i< , extension of 
basic leseaich to the deteiraination of the combined eftects ot phxsical laws oi 
geneiallx accepted pimciples xxith a xiew to specihc application and (d) de- 
xelopment, ic, adaptation of leseaich findings to expeiimental, dcmonstia- 
tion, 01 clinical pin poses This is not a new concept but one which mix well beai 
lepeating heie 

TlTiile ‘ leseaich” in geneial teims often is assumed to lepiesent im estigations 
of a puiety scientific natuie, epidemiological, statistical, social and histoiical 
leseaich aie of consideiable niipoitance in the solution of pioblems foi the coii- 
tiol of tubeiculosis The pimciples set down aboxe can, in most instances, be 
adapted to apply to these fields 

PRESENT RESEXRCH PROGRXM 

OfTicial Agencies 

Pnhbc Health Seirtce 

Within the last fexx x’^eais, bj fai the most extensixe piogiam foi leseaich m 
tubeiculosis has been that of the Fedeial Goxeiimient Since the establishment 
of the Tubeiculosis Coiitiol Dixasion m the United States Public Health Seixice 
in 1944, an incieasing appiopiiatioii of funds foi tubeiculosis contiol has been 
made It was lepoited that m the last fiscal xeai (1947-1948) a sum of 8300,000 
was allocated to the Field Studies Section of the Dix isioii foi statistical and epi- 
demiological leseaich, and 843,529 appiopinted foi the Tubeiculosis Ex xluition 
Laboiatoiy, set up xMthm the last fexx x’^eais m Atlanta, Geoigia, the pnmaix’- 
piupose of which is to standaidize laboiatoix pioceduies foi the detection of 
tubei culosis 

In the Xational Institutes of Health late in 1946, an enlaiged piogiam of ni- 
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vestigations -was set np, stimulated by early studies of a group of investigators 
in the Amencan Trudeau Society, Medical Section of the National Tuberculosis 
Association (4, 5) A Tuberculosis Study Section, composed of specialists in the 
field, was oiganized primarily for the purpose of evaluating the effectiveness of 
streptomycin in the treatment of tuberculosis through establishment of research 
grants to qualified investigators (6) During the fiscal year 1947-1948, reports 
show that 31 grants for laboratory and clinical studies were approved, amount- 
ing to $589,700 In addition, $250,000 was set aside for the estimated cost of 
the streptomycin, and $80,000 for fellowships A Central Coordination and 
Analysis Office was established to correlate and analyze the findings of the van- 
ous chmcal investigations for an evaluation of the therapeutic value of strepto- 
mycin in tuberculosis In addition to these studies, the Division of Infectious 
Diseases of the National Institutes of Health continued its investigations of 
various chemotherapeutic agents and the relation of histoplasmosis to pulmonary 
calcification, synthesis and testing of commercial compounds and antibiotics, 
and the synthesis of new drugs and their synergistic action with antibiotics such 
as streptomycin For this research approximately $94,800 was budgeted m the 
above period, according to data received 

The total expenditure reported for the tuberculosis research program of the 
Public Health Service for the fiscal year 1947-1948 amounted to approximately 
$1,358,029, with $934,500 devoted to investigations iMth chemotherapeutic 
agents 

Department of Agriculture 

The Bureau of Animal Industry, Umted States Department of Agnculture, 
carried out studies of the tubercle bacillus and other acid-fast organisms affect- 
ing bovine and avian species at a reported cost of $26,300 for the 1947-1948 
fiscal year 

Department of the Interior 

In the United States Department of the Interior, the Office of Indian Affairs 
stated that $50,795 was allocated in the same period for experimental investiga- 
tions with BCG in certain segments of the Indian population 

Department of the Army 

The Army tuberculosis research progiam included a study of minimal tuber- 
culosis in a gioup of 1,100 cases at Fitzsimons General Hospital, with an annual 
budget of $28,552, exclusive of the cost for military personnel In addition, the 
cost of streptomycin for expenmental investigations was $160,200 Studies of 
the relation of nutrition to tuberculosis in the Medical Nutntion Laboratoi^'’ at 
Chicago were made at a cost of $9,000 Admimstrative expense in the central 
office for personnel engaged full time in tuberculosis research, as well as ad- 
visory service procured from the National Research Council, amounted to 
$30,000 

In accordance mth the foregoing figures, the total reported cost of the Army 
program for tuberculosis research in the 1947-194$ penod vas $227,752. 
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Navy Department 

The United States Navy, through its Office of Naval Research, awarded sev> 
eral grants for tuberculosis research during the 1947-1948 fiscal year According 
to its Bureau of Medicine and Surgery, $127,000 nas appropnated for a stud}*- 
of the effectiveness of streptomj’'cin on human tuberculosis in an im estigation 
at the Naval Hospital in Corona, California Other studies on streptomj’^cin vere 
already under vay Grants of $9,300 for a study of minimal tuberculosis among 
low-income groups, $26,700 for clinical and expenmental reseaich in thoracic 
surgery and pathologj'-, and approximatelj' $25,000 for in\ estigations in chemo- 
therapy and tuberculosis and silico-tuberculosis represented further studies 
under sponsorship of the Na\'y Additional grants included $8,041 for an in- 
vestigation of the biochemistrj' of chrome occupational disease, and $7,000 for a 
cooperative research project concerned with the metabolism of the tubercle 
bacillus using carbonu as a tracer element 

As outlined above, the total tuberculosis research program reported bj’’ the 
Navy for the 1947-1948 fiscal year represents an allocation of $203,041 

Veterans Administration 

The Veterans Admimstration financed studies on the effect of streptomycin 
in tuberculosis in the amount of $1,767,000 for 1947-1948, and 24 study umts 
were included in the investigations (7, 8, 9) A study of the incidence of tuberculo- 
sis among student veterans, recommended by the Subcommittee on Tuberculosis 
of the National Research Council, which acts in an ad\nsor 3 ' capacity to the 
Veterans Admimstration in the establishment of studies aimed at improved 
medical care for veterans, was earned out at a rmdwest umversity at a cost of 
$3,333 

Reported figures show a total allocation bj the Veterans Admimstration of 
$1,770,333 in 1947-1948 for tuberculosis research 

Thus, according to reports received, the cost of tuberculosis research within 
the Federal Government in the 1947-1948 fiscal j’^ear amounted to $3,636,250 
Of this figure, $3,001,200 was the reported cost of research with streptomj'cin 
and other chemotherapeutic agents 

State, County, and Municipal Health Departments 

At present, data on tuberculosis research in state, county, and mumcipal 
health departments are madequate Perhaps the deficiency can be explained by 
the fact that until the program of laboratorj' procedures is more clearly defined 
through the expenmental studies of the Tuberculosis Control Divusion of the 
Public Health Service, and the present shortage of trained personnel has been 
overcome, establishment of research projects must lag 

An expenmental program of BCG vmccmation, sponsored by the Pennsylvania 
Department of Health, was reported at an approximate cost of $10,000 for the 
penod 1947-1948 This study is being earned out with federal funds as part of 
the grants-m-aid to states from the Pubhc Health Service 
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Additional research made possible by funds from official agencies included 
BCG studies at the Umvemity of Illinois, at a reported cost of $40,000 to the 
Chicago Municipal Tuberculosis Samtanum during the 1947-1948 penod, and a 
studj'' of the efficacy of streptomycin in the treatment of tuberculosis reported 
by the University of Pittsburgh and sponsored by the Pittsburgh Department 
of Health through a grant of $72,000 dunng 1947-1948 

Dunng 1947-1948, the New York State Department of Health, Division of 
Tuberculosis Conti ol, carried out studies on the bacteriology and serology of 
tuberculosis, BCG production and administration, and improvement of culture 
media at an estimated reported expenditure of $55,800 of state funds 

Tins brings the total contributions for tuberculosis research reported by official 
agencies to $3,814,050, with $3,073,200 devoted to studies of chemotherapeutic 
agents 

In the penod covered by the survey, much clinical research was earned out in 
tuberculosis sanatonums, general hospitals with tuberculosis departments, and 
other institutions for the care of patients ivith tins disease There are more than 
800 such establisliments in the Umted States, most of which are supported by 
federal, state, county, or city funds During 1947-1948 several studies, including 
investigations of the effectiveness of chemotherapeutic agents m tuberculosis, 
were financed by grants, as indicated in the allocations of official agencies al- 
ready mentioned or included in the following pages showing contnbutions by 
other groups In addition, a sizeable amount of the cost of chmeal research was 
absorbed m the cost of medical care The latter cannot be estimated 

Voluniary Agencies 

National Tuberculosis Association and its Affiliates 

Ever since the establishment of its Committee on Medical Research in 1920, 
the National Tuberculosis Association has continuously supported research 
studies in basic, background, and applied research with adaptation of research 
findings to experimental, demonstration, or chmeal purposes (10) In proportion 
to its budgetary limitations, funds allocated for medical research have increased 
from $500 in 1920 for a study of the anatomy of the lung by the late WiUiam 
Snow Miller, to $95,550 in the fiscal year 1947-1948 for financing of 19 projects 
by qualified investigators To the latter figure should be added approximately 
$10,000 for administrative costs within the Association During the fiscal year 
about $40,000 was contnbuted by state and local tuberculosis associations for 
research studies recommended by the Committee on Medical Research and 
Therapy of the American Trudeau Society, Medical Section of the Association 
In addition, some states sponsored research projects within their onm borders 
and available figures indicate an expenditure of $66,624, which includes $28,533 
for studies on chemotherapy Of the $40,000 mentioned above, $15,000 (mcluded 
in the figure of $95,550) was appropnated for research with streptomycin in the 
treatment of tuberculosis The remainder was set up as a reserve fund for inaug- 
uration of new projects and estabhshment of a fellowship program dunng the 
fiscal year 1948-1949 
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Besides streptom's cm research, the studies sponsored in the 19 17-19 IS fiscal 
jcxr b^ the Committee on Medical Hecearch and liierapi fell into three broad 
groups (1) dinical and epidcmioloc:R.al , (2) basic laboratorj-, and (3) laboratory 
programs of a special scinmcc type 

In Ins report of May 17, 1948 (111 to the National Tuberculosis Vssociation 
and its afTihatcs, Dr Esmond R Long, Director of Medical Research and 
Thc^ap^, described the in\ estigations as follows 
In the first group were noteworthy inx estigations of the course and piognosis 
of tuberculosis of minimal extent, pariicularh as it is observed in nurses, and 
studies on the prognosis of tuberculosis in children and its relation to the tuber- 
culosis of adult life Included in these studies were fundamental iin estigations 
on the significance of the tuberculin test and the difTcrential diagnosis of mini- 
mal tubeiculosis and other pulmonnn diseases causing subacute and chronic 
pulmonary infiltrations with a radiological appearance like that of tuberculosis 
Coordinated with this group were certain investigations on the etTcct of preg- 
nancy on tuberculosis, and a study of the protectu c \ aluc of masks again<=t in- 
fection with large doses of tubercle bacilli 
The basic laboratory' studies included investigations long under wav on the 
chemistry' of the tubercle bacillus and the relation of specific fractions of the 
bacillus to the pathology' and immunology of tuberculosis Another group of 
studies included investigations on the enzv'ine sv stems concerned with the 
special tv'po of tissue necrosis characteristic of tuberculosis, v ir , caseation and 
the phenomenon of softening of caseous tissue and cavity formation Other 
studies were concerned with the physiology and pathology' of the lungs Finallv', 
investigations on my'cology’, stimulated by certain similarities of tuberculosis 
and histoplasmosis, broadened the scope of the laboratory' investigations 
The serv'ice laboiatory' programs included (/) prov ision of a depot for stand- 
ard strains of tubercle bacilli on which qualified investigators may' draw to 
ensure comparability of their basic matenals wath those employ ed by other in- 
v'estigators, and (2) a group of studies designed to improve lahoratorv proce- 
dures in the diagnosis of tuberculosis to furnish standard techniques for inclusion 
in the “Diagnostic Standards” of the Association 
The budget of the National Tuberculosis Association for the fiscal y ear 1947- 
1948 also included $32,505 for statistical and social research on tuberculosis 
The studies were concerned with (Jf) continued compilation of state laws now 
m effect vv ith regard to control of the disease, such as those havung to do w ith 
the Means Test as a prerequisite for sanatorium care, disposition of the recal- 
citrant patient, case reporting methods, et cetera, (2) analvsis of contact 
examinations, primarily household contacts, (S) further assistance in the establish- 
ment and use of central tuberculosis case registers in health departments through- 
out the country, (4) analysis of tuberculosis morbidity and mortality trends m 
the United States and foreign countries, (5) assistance to state and local tuber 
culosis associations in the piomotion of statistical research, and (6) special 
studies as requested by' various departments of the parent organization 
Allocation of funds for historical research for the fiscal ymar 1947-1948 
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amounted to $5,571 for continued assemblage of important documents and re- 
cording the history of the National Tuberculosis Association 
Thus, the total reported lesearch program of the National Tuberculosis 
Association and its affiliates for the fiscal 3’'ear 1947-1948 uas $210,250, unth 
$13,533 of this amount allocated to investigations vuth chemotherapeutic agents 
in tuberculosis 


Foundations 

According to “American Foundations and Their Fields” (Si\th Survey (12)), 
there has been a use in the number of foundations m the country from 23 in 1915 
to about 600 in 1947-1948 The responsibilities and interests of these organiza- 
tions aie necessaiil}' broad and \aned, howevei, and a review indicated that 
probably' only a small number were committed to medical research and, specifi- 
call}’, to research in tubeiculosis 

Letters were sent to 23 foundations Of these, three reported sponsorship of 
studies in tuberculosis research, 15 advised that foi various leasons tuberculosis 
research was not included in their medical research programs for 1947-1948, 
and 5 did not replj* 

The Commonw ealth Fund reported an expenditure of $48,075 for laboratoiy 
studies on constitutional factois in tuberculosis, investigations of chemothera- 
peutic agents, statistical and epidemiological reseaich, and support of tw^o 
fellowslups The John and Marj’’ R Marlcle Foundation contnbuted $4,000 for 
nutritional studies in relation to tuberculosis and the Rockefeller Foundation 
allocated $18,532 foi an epidemiological study of the disease in Williamson 
Count}’', Tennessee It is piobable that other broad investigations supported by 
these foundations, and not coveied by these figures, included some tuberculosis 
research 

In correspondence with universities and others, it w’as learned that additional 
contnbutions for this group included $8,500 by the Lilha Babbitt Hyde Founda- 
tion, $12,000 by the Josiah Macy Foundation, $2,400 by the Lessing J Rosen- 
wald Foundation, and $2,500 by the Henry Oakes Foundation, the latter for 
studies in aluminum therapy of silicosis and the detection of early gro'wth of 
tubercle bacilli 

Total support for tuberculosis research reported for 1947-1948 by this group, 
amounted to $96,007 

Foundations with direct research programs include the Charles Cook Hast- 
ings Home, an endow’ed institution wuth a reported annual budget of $81,550, 
of which $47,711 has been estimated to be for research on nutntion in tubercu- 
losis, the Mayo Foundation and Clinic, wdiich estimated its annual expenditure 
at approximately $50,000 for expenmental and clinical research in tuberculosis 
antibacterial therapy, and the Edward L Trudeau Foundation and the Colorado 
Foundation for Research in Tuberculosis, both of which are supported by funds 
from vanous sources 

The Trudeau Foundation, long established as a tuberculosis medical research 
center, w’as engaged m numerous projects in basic and applied research during 
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1947-1948 A large proportion of support for these investigations was denved 
from official and voluntao’’ agencies, foundations, pharmaceutical houses and 
other industnal orgamzations, the cost of which is included in the appropnate 
group In addition, hoivever, funds from private and other sources, as veil as 
interest and dividends from the Foundation’s endowment, were reported at 
approximately $36,116 

The Colorado Foundation reported an expenditure of $13,619 for its 1947- 
1948 fiscal year, involving tv o investigations, \uz , a study of antibiotics denved 
from Fusana actu^e against the tubercle bacillus, and a study of the metabolism 
of the tubercle bacillus Funds for support of these projects were denved from 
private sources and from the endowment fund of the Foundation 

The National Jewish Hospital at Denver, a national, nonsectarian, tuber- 
culosis medical center, with funds donated by pnvate sources, mostlj’ individual 
contnbutions, reported an expenditure of $46,888 for tuberculosis research in its 
1947-1948 fiscal year 

Allocations for tuberculosis research during 1947-1948 as reported by the 
second group of foundations amounted to $194,334, and the total reported by 
the tv o groups v as $290,341 Of this total, $57,906 was designated as ha\ung been 
specifically allocated for studies on chemotherapy in tuberculosis 

Manufachtnng Firms 

Commercial orgamzations are contributing in large measure to the program 
of tuberculosis research TIus support is divided mainly into two groups, \nz , 
pharmaceutical houses and firms manufactunng X-ray equipment The former 
group has done much to mcrease knovledge of the effectiveness of chemothera- 
peutic agents in the treatment of tuberculosis through studies under direct super- 
vision and grants-in-aid to responsible investigators m umversities and hos- 
pitals, while the latter group has promoted research within its own laboratones 
for improvement of machinerj’’ for the detection of tuberculosis 

Pharmaceutical Houses 

In this survey, letters were sent to 10 pharmaceutical concerns Replies indi- 
cated that all were carrying on some research in tuberculosis Although the ma- 
jority of the studies vere concerned with chemotherapeutic agents, such as 
streptomycin, diasone, promizole, and subtihn, also included were investigations 
of the use of vitamins in tuberculosis therapy, the action of certain drugs fol- 
lovnng pneumonectomy and similar surgical procedures, and emplojment of 
the adrenal cortical hormone to overcome adrenal cortical insufficiency caused 
by tuberculous involvement of the adrenal gland 

Eight axpenmental studies of the effect of streptoms’-cin in the treatment of 
tuberculosis, sponsored by the Amencan Trudeau Society (4, 5) were made 
possible by the contnbution of more than $1,000,000 vorth of the drug by six 
commercial firms Results of these in\ estigations are being published in book 
form by the National Tuberculosis Association This research was supported by 
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the Abbott Laboratories, Eli Lilly and Company, Merck and Company, Charles 
Pfizer and Company, E R Squibb and Sons, and The Upjohn Company 

Additional research with chemotherapeutic agents m tuberculosis, as yell as 
yith other dnigs already mentioned, yas supported by the six orgamzations 
named abo\e and the four remaining commercial firms to yhich inquiry was 
directed, \ i? , Hoffman LaRoche, Inc , Parke, Davis and Company, Sharp and 
Dohmc, and Wj’eth Inc 

Bccnusc of their extensive and interrelated research programs, several manu- 
facturers stated that the amount devoted exclusively to tuberculosis research 
yas difficult to estimate and the rcpoitcd figures are therefore incomplete 
However, estimated contributions of the 10 phaimaceutical houses, based on 
replies reccned, amounted to $1,SS1,675, of which about $1,204,500 was spent 
for research with chemotherapeutic agents The remainder, devoted to other 
studies in tuberculosis research, also included a small number of fellowships 

In ropoi ts from the foundations, it was learned that dunng 1947-1948 grants 
for chemotherapeutic research in tuberculosis w ere made by the Bristol Labora- 
tories and the Eaton Laboratories amounting to $4,400 This increases the total 
contributions from 12 pharmaceutical houses to $1,886,075, and the amount for 
m\ estigations wath chemotherapeutic agents to $1,208,900 

Olher industnes 

Also in leports received from the foundations, it was found that other indus- 
tnes, principally light and heaxy metal manufactunng and mimng operations, 
contnbuted $83,5 lO dunng the 1947-1948 peiiod, of xvluch it w'as stated 50 
per cent could be designated for research on tuberculosis and silicosis 

Firms Manvfaclunng X-ray Equipment 

Bety een World War I and World War II, Icnowledge of the value of roent- 
genographic examination as a diagnostic procedure for tuberculosis was greatly 
increased and research was responsible for maiked improvement in X-ray equip- 
ment, making possible extensive mass chest roentgenographic surveys of the 
civilian population Also, screening at induction and separation centers in World 
War II x\as a routine practice in an effort to prevent induction of persons with 
this disease into the armed forces and to detect tuberculosis on discharge With- 
out continuous research on the part of the manufactunng firms, such programs 
could not have been undertaken 

In the present survey, letters were sent to 13 firms manufactunng X-ray 
equipment Of these, 12 reported research programs and one did not reply 
Reported contributions by this group, which might fairly be designated as for 
tuberculosis research dunng the 1947-1948 penod, amounted to approximately 
$276,250 The 12 firms which reported studies earned out in their laboratories 
were Ansco, George W Borg Corporation, E I DuPont de Nemours and 
Company, Eastman Kodak Company, Fairchild Camera and Instrument Cor- 
poration, General Electee X-ray Corporation, Kelly-Koett Manufactunng Com- 
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pany, Machlctt Laboratories, North American Piiilips Companj, Po\\er 3 X-ra}' 
Scr\ ice, Standard X-ray Company, and Wcstmghousc Electric Corporation 

Umvcr<tihcs 

In considering the part pla-^ cd In the unu crsitics, it is neccssarv' to state at 
the outset that this sina cy includes only the 70 medical schools designated at 
the time as appro\cd bj the American Medical Association (13) It is fair to 
assume that some research in tuberculosis is being carried out in other institu- 
tions and in the smaller colleges Although it is not feasible to include research 
expenditures of such schools in this report, it is ob\ lous that schools of public 
health, schools of public health nursing, and sociology' departments of %arious 
colleges make expenditures for research bearing directly or indirectly on tuber- 
culosis It max be noted also that the -imerican College Health Association, 
through its Committee on Tuberculosis, carries out an annual sur\ c\', in coopera- 
tion x\ith the National Tuberculosis Association, of the extent of tuberculosis 
among college students This might justifiably be termed tuberculosis research 

Replies to the 70 letters mailed to schools of medicine indicated tuberculosis 
research projects m 39 Of the remaining 31, 20 reported studies in prospect or 
expressed an interest, and 11 simph mdicited that no tuberculosis research iias 
carried out during the time specified m the inqinrj’ 

In the period 1947-194S, grants to the 39 unn ersities or institutions incor- 
porated or affiliated Mitli them, such as the Henrj Phipps Institute in Phila- 
delphia, amounted to approximately $500,000 This support xxas derived from 
official and voluntarj' agencies, foundations, and manufacturing firms, and the 
sums have alread} been included appropriately' in the foregoing pages Hon ex er, 
the universities per sc make a substantial contnbution of personnel, laboratory 
facilities, supplies, et cetera, to augment the grants m-aid of research receix ed 
from outside sources According to reported figures, an approximation of funds 
furnished by the universities during 1947-194S vas $134,400 In addition, 
funds from prn ate sources, mostly individuals, donated directly' to the unix er- 
sities and allocated for tuberculosis research during the same penod, were re- 
ported to be approximately $57,000 

Thus, the total contnbution of the 39 umversities for tuberculosis research 
in 1947-194S was $191,400 This figure seems Ion, and represents only' reported 
sums Because the same laboratories may be used for research in other fields 
and personnel may be interested m several research projects, it is difficult to 
arnve at a true estimate, the total expenditure of the umversities was probably 
much higher than is show n here 


COXlMENT 

As has been indicated, support for tuberculosis research in the Umted States 
comes from the official agencies (mainly the federal group), voluntary' agencies, 
foundations, manufacturing firms, and -universities The contributions of the 
five groups as calculated from their reports for a tv elve-months’ period during 
1947-1948, and the proportion devoted to studies in chemotherapy of tubercu- 
losis, are shoxvn in table 1 and figures 1 and 2 
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Reflected m the following figures is the interest in the last few years in strep- 
tomycin and other chemotherapeutic agents which have shown promise m the 
treatment of tuberculosis The reported allocation for investigations in chemo- 



Fig 1 Total contributions to tuberculosis research, classified by contributing agencj , 
1947-1948 



Fig 2 Cost of chemotherapy studies in tuberculosis, classified by contributing agency, 
1947-1948 

therapy of tuberculosis represents approximately two-thirds of the cost of the 
total tuberculosis research program m this countiy dunng a tw^elve-months’ 
penod in 1947-1948 
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Pnmanly, according to the sur\’^e5% official agencies supported background, 
applied, and developmental research in tuberculosis The National Tuberculosis 
Association the voluntary agency, was engaged to a large extent in basic and 
developmental research, and a few projects of the same type were reportedly 
supported at the state and local level 

The foundations which furnished grants-m-aid sponsored studies m all four 
categories of research, governed, no doubt, by the tj’pes of requests received 
which seemed to indicate proposals promising addition to the knowledge of tuber- 
culosis or furthenng its control The second group of foundations, i e those 
with direct research programs, were engaged largely in basic research studies, 
although background, applied, and developmental research projects formed a 
part of their work 


TABLE 1 


Total Allocationsfor Ttiberculosis Research and Cost of Chemotherapy Studies tn Tuberculosis, 
Classified by Contributing Agency, 1947-1948 
Calculated for a twelve-months’ period 


CONTRIBUTn^G AGENCY 

TOTAL CO'TTRI 
BUTIOSS TO 
TUBERCULOSIS 
RESEARCH 

COST OF CHEMO- 
THERAPY STUDIES n, 
TUBERCULOSIS 

All agencies 

$6,710,141 00 

$4,388,039 00 

OfiBcial health agencies 

3,814,050 00 

3,073,200 00 

Manufacturing firms 

2,204,100 00 

1,208,900 00 

Foundations 

290,341 00 

57,906 00 

Voluntary health agencies 

210,250 00 

43,533 00 

Universities 

191,400 00 

4,500 00* 


* Except for intangibles, chemotherapj' studies in tuberculosis in universities are, in 
general, supported by grants from other agencies listed in the table 


The program of the manufacturing firms was concerned particular^ with 
applied and developmental research but included also investigations m basic 
research 

The greatest contnbution of the umversities was their reservoir of person- 
nel and laboratory facihties, the cost of which caimot be accurately reckoned 
Potential expansion of basic research by inauguration of additional studies by 
quahfied mvestigators, and through a program of graduate and imdergraduate 
fellowships for promismg young research workers, rests largelj'- wnth this group 
m respect to persoimel and facilities 

In conclusion, it must be stated that large sums were spent by official and 
voluntary agencies for tuberculosis case finding through mass chest roentgeno- 
graphic sun^eys and health education of the public dunng the penod covered by 
this report In addition, much climcal research in tuberculosis w as absorbed m 
the costs of medical care, to which indi\nduals and many commumty health and 
welfare orgamzations contributed (14, 15) Although the importance of this 
phase of the program is well recogmzed, the amount of funds which could be 
designated for tuberculosis research is impossible to estimate 
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THE RESECTED POSTTHORACOPLASTY LHNG^ = ^ 

A Climco-patliologlc Correlation 
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JAMES H WALKER 

(Received for publication May 5, 1949) 

INTRODUCTION 

In the past two decades, thoracoplasty has become one of the safest and most 
effective measures for the treatment of pulmonary tuberculosis During tins 
time, the technique of performing the operation has improved Moreover, 
mcreased expenence has resulted in a better selection of patients on whom the 
procedure has been performed so that good climcal lesults are obtained in the 
majority of instances Unfortunatety, however, theie is a sizeable percentage of 
patients receiving this treatment who continue to have either sputum positive 
for tubercle bacilli, persistence of canty, or both This group of patients con- 
stitutes the “thoracoplast}’’ failure” as consideied m this stud}-- 

The reasons for thoracoplasty failure aie obnously of interest and of con- 
siderable importance At times, one can surmise from the chmcal evaluation 
why the treatment failed In other cases, the autopsy findings ma}'’ assist in 
answenng the question (1) Neither of these approaches is entirely satisfactoi^’', 
however, because they do not allow a chnico-pathologic correlation at the proper 
time The autopsy findings in a patient dead from pulmonary’’ tuberculosis are 
not the same as those in a living patient pnor to the terminal phases of the 
disease 

Thoracoplasty failure can be treated by revision thoracoplasty, cavemostomj’’, 
or by pulmonarj'' resection In recent years, pulmonaiy resection has been used 
■mth increasing frequency and the lungs thus removed have aliened, for the 
first time, the opportumty to study the pathology of the disease m the imng 
patient It is hoped that the present chmco-pathologic study may further the 
understanding of the basic reasons for thoracoplasty failure and permit more 
rational selection of patients for thoracoplasty and resection 

MATERIAL AND METHODS 

Dunng the years 1934-1948, inclusive, 323 pulmonary resections nere per- 
formed for tuberculosis by the Overholt Thoracic Climc Thoracoplasty failure 
was the indication for resection in 64 instances Since 2 of the 64 cases had vari- 
ous complications prior to the thoracoplasty (empyema, fistula, and previous 

'From the Liboratorj of Pathologjx New England Deaconess Hospital and the Overholt 
Thoracic Clinic, Boston, Massachusetts 

^Presented before the Medical Section, ns part of thesj-mposium on Surgert/, at the 45th 
annual meeting of the National Tuberculosis Association, Detroit, Michigan, May 5, 1949 

'The pathologic studies v ere made possible through a grant from the Committee on Medi- 
cal Research and Therapj of the American Trudeau Society, Medical Section of the National 
Tuberculosis Association 
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lobectomy), they were not included in the present study, which is based on a 
clinical and pathological evaluation of the remaimng 62 cases 
Thfc pathological findings in each case have been reviewed and have included 
micioscopic examination of multiple areas of the parenchj'-ma as well as of the 
individual segmental and larger bionchi Of prime interest in the pathologic 
reviev were (1) tabulation of important sites and types of active tuberculosis, 
(2) search for possible anatomic causes to explain the pathogenesis of the failure 
of collapse therapy In only 4 instances was the pathological material not avail- 
able for satisfactory review 

The clinical course of the 62 cases was hkewise reviewed Although follow- 
up observations were available for all of the cases, an adequate review of pre- 
resection roentgenograms was not possible m 8 instances In the remaining 54 
cases, the roentgenogiams and clinical courses were reviewed with particular 
reference to type of disease and to apparent climcal causes of thoracoplasty 
failure 

Table 1 gives the general statistics for this group of patients and is self-explana- 
tory However, certain facts bear emphasis There is one more resection than 
the number of patients because one patient had two lobectomies (pneumonec- 
tomy in 2 stages) '* It should be noted that pneumonectomy was performed m 
45 of the 62 patients because the distribution of disease in the thoracoplasty- 
failure group does not usually lend itself well to lobectomy Only three segmental 
resections were performed m combination with lobectomy and these were done 
in pieference to pneumonectomy only because of the poor reserve of the patient 
or very questionable contralateral disease 
The age of patients varied from 19 to 49 years Over 50 per cent (33) were 
between 30 and 40 years It is interesting that none was over 49 years of age, 
although a significant number of the entire resection senes are above this age 
Theie was a predominance of females, as is true with most series of resections 
The duration of illness vaned from fifteen months to thirty years Only 48 
per cent had been ill for less than two years, 37 per cent had been ill for two to 
five years, 40 per cent from five to ten years, and 18 per cent over ten years 
Thus, resection m this group represents surgical treatment predominantly m 
middle-aged patients with long-term illnesses It is not surprising, then, that 44 
of the 62 represent failures, not only of thoracoplasty, but of a combination 
of collapse therapy measures as listed in table 1 Onl}’’ 18 patients had no pre- 
thoracoplasty collapse therapy In addition, 14 had revision thoracoplasty, 

4 cavernostomy, and pneumonectomy had been attempted elsewhere on one 
patient There were 36 patients who had contralateral lesions which were con- 
sidered either controlled or contiollable in each instance 
Bionchoscopy was not performed m 7 patients Of the remainder, 30 had 
negative findings on bronchoscopic examination and endobronchial tuberculosis 
was present in 23 Attention is called to the fact that 15 of these lesions were 

<Right upper and middle lobectomy -nas first performed on this patient Her sputum 
remained positive and the lower lobe was removed at the second operation The cause of 
failure on pathological examination was ulceration of the middle lobe stump 



TABLE 1 
General Staltslics 

Clinical and Pathological Evaluation of 6S Cases of Thoracoplasty Failure 


Total Number of Patients 62 

Males 21 

Females 41 

Operations Performed 63 

Pneumonectomies 46 

Right 21 

Left 25 

Lobectomies 17 

RUL 5 

R U and M 3 

R U and Sup 
Div Rt 

LL 1 

R U and M and 
Sup Div 

RLL 1 

LUL 6 

L TJ and Sup 

Div L L L 1 

Duration of Disease (15 months to SO years) 

1 to 2 years 3 (4 S per cent)' 

2 to 3 years 7 

3 to 4 years 11 ^ per cent 

4 to 5 years 5 


5 to 10 years 


25 


}40 per cent 


10 to 15 years 
15 to 20 j ears 
20 to 25 years 
30 years 

Previous Therapy 
A Ipsolateral Lung 
Pneumothorax 
Phrenic 

Pneumoperitoneum 
Cavernostomy 
Attempted pneumonectomy 
Revision thoracoplasties 
B Contralateral Lung 
Pneumothorai: 

Contralateral Disease (SS of 6S Patients) 
23 of 45 pneumonectomies 
13 of 17 lobectomies 

Endobronchial Disease 
Negative bronchoscopy 
No bronchoscopy 
Positive bronchoscopy 
a submucosal 
b ulcerative 
c ulcerostenosis 
d fibrostenosis 


I IS per cent 


24 

22 

3 

4 
1 

14 

6 


32 

7 

23 

6 

2 

6 

9 


40S 
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obstructive m type, 6 being ulcerostenosis and 9 fibrostenosis Distnbution of 
these obstructing bronchial lesions is similar to that reported in 1945 (2), with 
47 per cent in the left mam bronchus and 73 per cent of the total m the left 
mam bronchus or right upper lobe orifice No stenotic lesions were seen below 
the level of the supenor division of the lower lobe Only two lesions involved 
the tiachea and these were extensions from the right mam bronchus 

PATHOLOGY 

In evaluating the pathology of the resected lung, the first consideration was 
given to a determination of the types and sites of active tuberculosis which 
were capable of producing sputum positive for tubercle bacilli From such an 
analysis, the types of pathology readily fell under three headings (table 2) 
(a) active tuberculous cavity, (b) endobronchial tuberculosis, (c) extensive 
parenchymal tuberculosis Many specimens had more than one type or site of 
major pathology, which accounts for a total greatei than the number of speci- 
mens 


TABLE 2 

Types of Tuberculous Disease 


Active tuberculous cavity 


60 

Multiple 

6 


Lower lobe 

9 


Endobronchial tuberculosis 


40 

Stenosis 

7 


Bronchiectasis 

10 


Extensive parenchymal tuberculosis 


9 


In many instances, there were scarred foci encountered which unquestionably 
represented healing or healed cavities, but these were not tabulated In one 
specimen, an epithelial-lmed cavity showing no evidence of active tuberculosis 
was found This, likewise, was not included m the tabulation There were 50 
specimens which showed cavities and multiple cavities were present m 5 
instances While the commonest site for cavity was the apical postenor segment 
of the upper lobe, they were found elsewhere as well The average size of the 
upper lobe cavities was 2 to 3 cm m greatest diameter The mne lower lobe cavi- 
ties were notably larger, however, and, as a group, averaged several times the 
size of those found elsewhere 

Endobronchial tuberculosis was of three types (a) stenosis (either hyper- 
plastic or fibrous), (b) tuberculous bronchiectasis, (c) diffuse mucosal and 
submucosal disease (table 2) The endobronchial disease tabulated was arbitranly 
limited to that involving segmental or larger bronchi and was proved to be 
tuberculous by microscopic examination While diffuse tuberculosis of the mucosa 
and submucosa of one or more segmental bronchi was usually the only bronchial 
fiinding, in 10 cases there was an associated tuberculous bronchiectasis and in 
7 specimens there was stenosis of the orifice of a large bronchus The distn- 
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bution of the bronchial disease will be reported m a future study It mil be 
noted that the incidence of stenosis Mas not as high in the pathological speci- 
men as M as the incidence as determined by bronchoscopy This is because the 
lung was at times lescvtcd through, or just distal to the stenotic area A cavity 
was usually, but notalwaj's, present when there was endobronchial disease of any 
type If a cavitj was present, the disease of the bronclu was not necessanly 
limited to the segment or lobe containing the cavity 

Evtensive parenclij-mal disease was a prominent pathologic feature m 9 
specimens but was always associated with either ca\ity endobronchial disease, 
or both 

The second item of pathologic interest was a determination of possible patho- 
genetic factois m the thoracoplasty failure Items included under this heading 
were (a) thick, fibrous cavity wall, (b) thick, fibrous, or calcified pleura, (c) 
lower lobe cavity, and (d) severe endobronchial disease of the stenotic or bron- 
chiectatic type (table 3) 

The presence of a verj' thick, fibious wall around a cavity obviouslv acts as 
a deterrent to the proper collapse which should be expected from thoracoplasty, 
such a factor was found in 5 specimens Similarly, a markedl}'- thickened or calci- 
fied pleura resists adequate collapse, and was considered to be an anatomic 
feature predisposing to failuie in 7 instances Fibrosis of the parenchjmia itself 
w'as undoubtedly a factor in failure frequentl}’ but, since it was so difficult to 
evaluate from the examination of the pathology alone, it was not tabulated 

Extensive disease, with or without cavitation, is not listed as an anatomic 
reason since it may equally well repiesent a manifestation of failure There is 
one exception to this, however Cavities m the lower lobe (9 cases) weie notably 
large and poorly collapsed as compared to those elsewhere in the lung Such a 
finding was constant enough to warrant listing the location of a cavity in the 
lower lobe as a pathogenetic reason for thoiacoplasty failure 

Endobronchial disease of the stenotic oi bronclnectatic tjqie was present 
m 17 specimens and in each was considered anatomically to be a predisposing 
factor to failure (figures 1, 2) This is particularly true when the endobronclnal 
tuberculosis has become severe enough to be independent of its parent paren- 
chymal focus (3) 

In addition to the causes listed, there were many other conditions which may 
have played an anatomic, basic role in the pathogenesis of the thoracoplasty 
failure It was apparent, however, that the complete evaluation and explanation 
of the causes of thoracoplasty failure cannot be made fiom the pathological 
specimen alone In the majority of instances, a chmco-pathologic correlation 
IS necessary 

CLINICAL CAUSES FOR THORACOPLASTY FAILURE 

Table 4 lecords the clinical factors contributing to thoracoplasty failure in 
the 54 patients upon whom complete data, including prethoracoplasty and pie- 
resection roentgenograms, w^ere available The factors hsted here are those com- 
monly found in the hterature (4) However, the term "tension cavity” has been 
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T \BLE 3 

/ nc/oi ■! tn PalfioffCTicsts of Failure 


Thick CTMt\ will 5 

Thick plciiri 7 

Lower lobe 1 1\ iti 9 

Liidobroiiclii'il di'iciso 17 


SUnosis or hi oiicliiect I'ws 



Fig 1 Bronchial disease T.nd tubeiculous bronchiectasis hli F II , age 49 (Upper left) 
Duation of disease 4 jeirs piioi to thoiacoplastj and 12 jeais piioi to resection, hyper- 
plaitic endobioiichial stenosis of lobai bi onclius with extensive bionchial involvement dis 
talsj (Upper light) Enlaigement of stenotic bronchus 

IFig 2 Good thoiacoplist3 — lesidual cavity and extensive bronchial disease hlr W G, 
age 27 Duration of disease S months piioi to thoracoplasty and 20 months prior to re- 
section No endobioiichial diseisc present bioiichoscopicallj (Lower left) A postthoraco- 
pHstj 1 ''cnlgcnogi im demonstrates adequate collapse, (Center) Laminogram reveals pres- 
ence of 1 ii IS in coll ipsed area, (Lower light) Surgical specimen contains an upper lobe 
cavitj (2 3 cm ) and much endobronchial disease 

intentionallj’" avoided because of the difficulty in deteimining just when a cavity 
falls into this categoi-y 

Inadequate suigeiy an outstanding featiue in this gioup of patients 
(figiiie 3) Adequate collapse of the cavitj^-beaiing aiea was obtained in only 



\V2 


M! 1 UM <t\ v'l) \V \l Ki (' 


iofilh III kIi >iii lit I nil If) I u I- })(( ( at til iO ( t- - { !if 

I till'- 1 iiliiit (It (iillipi III Ii'-ImI 'iiiil ill ^1 !f I \pl 'll it'd I M ( j)i ill it 

ill ! i\ 1 1 ! ^t 11,1 - ui H [iinl.ilih 1 ntiiti I <iiniiiiiri I iU'> ili ui i- uhIu m <1 Om pi- 
I II at li ill 1 II II I 111 I 111 I ill till It -itli ot 1)1 I ' ti I ijm I iH It li 1 iilnri 
III ti ,.'1 111 1 itiiui III 111 ,- NitiuilK.li . I In, MV 1 - fii, ,„i!\ ilnrqA t!i it i inilil in 
I , 111 ii'il lilt- p itii at Jut 111 I j, -,,iii il ill , 

1 ill '•hi aimiliii, iinl 1 ,m iin,,) i,i i uitn- uin aaiiuuhtiiih i natnhiitor, 

< iia< -- iii 1 aliDi III III ia\ ,,t tin , pitiiat*- 1 In < lutnr- ''iiit;l\ f,r in i niiilna i- 
iinti, uiii pii-iat ill !ti I i-i - 1*11 ill, ana iail\ iMniitui di , i- prc-uit 

mill i-t - it till tiiiii >>! llmi I, <ip!i-f\ •'pii ul 111 till ili-i tn tin l,<-i Ilf till 
liiiiLT (,! I an, '} la ! iiiiIIim mn mu tin in ijm i ui-i - ul t nlui, latlii-, pita at' 


I / > > ’ f , 

I . i> 

\ Sill n 

1 1 r 111-- I I I |,ri,i I , init r, < i a il 

J 1 mil, uit< nnr lllliip- 
> In 1 , 1 , (jii III niinil,, r "i ril> r, ,(!<,1 

I 111 i il I ft v| li,, - 
*1 I iiliii, ul 1 ill i< ii, r 111, <11 
B / II, tor lit hiU 'I to J I hi ir ilm ' i>t >< , 

1 ( h ir It I, f|'-(i, - uf ( mn 

i I It 1,1 I ml \ , I III I, ( til ) 

It ( Il lilt I ml V ,1, iin — I 
( Miilii[il< I mil' •- 
(i I nf mil ilili liK it imi 
J 1 Mill itm ,!i-i m 
"1 ''|JII III of (il'l i-i to I, ISl 
I I ii<loi,r,,ii( 111 il mill n iilu-i- 
C Ml I hfiiiii III I iirloi ' 

1 1 iiK 1 1 III li ))Ii iir 1 

2 I’rn-i 111 I Ilf |ini iiinuiiiur i\ 

1 Briiiu 111! 1 1 1 '-i'’ 

D \ II J I nil III ( ItiiK 111 ( mm III / (tilun 


1 \BI I i 


to 

-’i 

II 

IG 

1 

] 

0 

n 

s 

It 

1 

21 

n 

s 

3 

■i 


(fitjaio 1 ) ]]n(l()hi OIK hill di'-oi^o u n jac-rnl m 21 It w Mibnutco^il in pe 
in () ul(Piati\o in 2 nUeio-tonotK in 0 , uul hino'tonotu in 7 
'] 1)0 ploui i wa*- Mifluicnth ihuk m 0 taH''- to mtoifcio with iclwition of the 
clic-t wall Piienmolhoi i\ w is picsonf in S and displnod the c i\it\ mfeiioih 
and inedialh ni enli ta^e Bioiuhicet isa, wa^ tlnnc dh c\ideiif m 3 
In 1 pilients no tlnntal t niijo of fnhne toiild be dcteinnneil 

COMMhM 

One fiKtoi that Ininpeicd tlie adequate nnhsis of the nnteinl w it, the difh- 
cuU\ in difctingiuslnng pithologicallv between cause and elleet of thoi lcopIast^ 
failuie Since bv definition a lholatoplast^ failmc is a ease with sputum pei- 
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sisten^ positive foi tubeicle bacilli, anj"- actne tubeiculosis -which might 
give use to this state is, m this sense, the pathological cause of tholacoplast^ 
failuie Fiom examination of the pathological specimen alone, hovevei, it is 
usually impossible to be suie vhethei anj’' individual t3'-pe of disease oi lesion 
is the pathogenetic cause oi meieb'^ the manifestation of failuie 



Fic 3 Roentgenognm shoiMng inidcqu ite coll ipse Mrs A D , Tgc 40 Diintion of 
disease 21 jeus pnor to thoncopl istj and 30 \cus piior to resection Xo cndobronchnl 
disease piesent Roentgenogiam demonstiatcs a poor tlioricoplasli iMtli resection of an 
inadequate numbei of iibs, presence of long anterior stumps, and posterior rib stumps 
iMth ti ansa CISC piocesscs The caaitj extends below the lea el of the highest uiiresected 
nb 

An additional point aahich made anahsis and condition moie diflicult aa is the 
fict that 40 of the entiie gioup had an inadcquite thoiacopl ista fiom the 
suigical point of aieaa It is obaioush unsatiaf icton' to sfuda* tlie pithologa of 
thoiacoplasta failuie in x specimen if an adequate thoiacoplasta has ncaer 
been done 
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The 14 cases who had a thoracoplasty which Mas consideied technical^ and 
clinically adequate made up an mteiesting gioup Only 4 of the gioup had 
initial cavities less than 4 cm in diametei A revien of postthoi neoplasty loent- 
genogiams and of the lesected specimen levealed lesidual cavitation and in- 
adequate cavity compiession These findings confiimed the impiession that laige 
and giant cavities, by then size alone, may piedispose to failuie of thoi neoplasty 
e^ en if it is adequately peifoimed Eleven of the 14 cases had exudative disease 
piioi to thoi neoplasty, often associated with a laige cavity, some of vhich 
shoved spiead of disease and new cavity foimation aftei thoi neoplasty Endobion- 
chial disease vas piesent bj'^ bionchoscopy in 5 cases piior to thoi neoplasty In 
the lesected specimen, endobionchial disease vas a piomment featuie in 8 In 3 
of the cases, no pathologic explanation foi peisistence of “positive” sputum v^as 
found, onl}’’ a fev small foci ot submucosal tubeiculosis being piesent m 2 and 
only extensive nontubeiculous fibrosis and bionchiectasis in the thud In the 
final anatysis of the 14 cases vith adequate thoi neoplasty, the featuies vhich 
stand out as the most piobable causes of failuie aie laige and giant cavities and 
exudatne and endobionchial lesions, eithei of which may piedispose to post- 
opeiative spiead of disease 

In only 4 instances did the levieiv of the chaits and pie- and post-opeiative 
loentgenogiams fail to shov an}'' cause foi failuie These patients had satis- 
factoiy thoiacoplasties vith adequate collapse Then cavities iveie undei 4 cm 
and the type of disease should have usually lesponded to the tieatment None 
of them had endobionchial disease Ca^nty vas found in pathological examina- 
tion m 2, one a lesidual cavity and the othei a cavity that had developed m the 
mfeiior pait of the left uppei lobe as a lesult of an undetected spiead of disease 
In the othei 2 instances, examination of the lesected specimen levealed only a 
small amount of submucosal bionchial disease which vas not consideied to be an 
adequate explanation foi the peisistent dischaige of tubeicle bacilli m the sputum 

DISCUSSION 

The 62 patients studied veie fiom many paits ol the countiy and then 
thoiacoplasties lepiesent the voik of many suigeons, including oui ovn gioup 

Fig 4 Failure because of spread of disease to base of lung Mrs D P , age 38 Duration 
of disease 5 j'ears prior to thoracoplasty and IS years prior to resection No endobronchial 
disease present bronchoscopicallj (Upper left) Prethoiacoplasti roentgenograms Tuo 
large cavities (4 5 by 3 cm and 4 bj 3 cm ) in left upper lung field nith a cleir, left base 
(Uppei left middle) Spread to base following thoracoplastj (Upper light middle) Oblique 
film demonstrates nei\ cavitj formation in aiea of “spread” (Upper right) Resected lung 
reveals the upper lobe disease conti oiled Two cavities in lowei lobe, and gross endobron 
chial tubeiculosis of lower lobe bronchi 

Fig 5 Roentgenogiam showing initial inadequate collapse, probablj cause of later 
extension Mrs G S , age 38 Duration of disease 9 jears prior to thoracoplastj and IS 
years piioi to resection A fibrostenosis of light main bronchus was present (Lower left) 
Roentgenogram demonstrates inadequate thoracoplastj' with long anterior stumps and 
cavity behind unresected tiansveise process (Lowei middle) The cavit\ peisists after 
thoracoplast^ has been revised when additional ribs resected but transverse processes left 
untouched (Lowei right) Surgical specimen presents a huge cavitj , 10 5 b} 3 cm crossing 
the fissure line and bronchiectasis of the lower lobe 
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Thus, thej'^ can be consideied to leflect aveiage concepts concerning case selection 
and nhat constitutes an adequate thoiacopiast3' In this gioup, theie can be no 
doubt that pool collapse as a lesult of a techmcalh" pooi thoiacoplastj' iias the 
outstanding cause of failuie Onlj- the most complete thoiacoplast3" could possibh' 
ha^e contiolied the ma3oiit3' of the lesions lepiesented, but, in spite of this, 
tiansveise piocesses iieie not lesected, long antenoi stumps ueie left, and in- 
sufficient libs lesected in 40 of the 54 patients on uhom adequate loentgeno- 
giams iieie available foi stud3’- In addition, m the 11 patients nith obstiucting 
lesions in the mam bionchus, a complete thoiacoplast'c as lecommended 63' 




Fig 6 Good thoricophst^ with persisting cimIi, hrge, thick w Tiled c nil \ withexten 
sue cTseTtion Miss D G , tgc 34 Dur-ition of discTse 2^ \ears pnoi to thorieopl ist\ 
md 4 5 eats prior to resection There w as no cndobronchnl chse isc or hroiichoseop\ (loft) 
Roentgenogram demonstrates persistence of cuitr under a good tcchnicil thorieopl isft 
(Right) Surgicii specimen re\ oils i40cm caiiti withthickw ills and markedly thickened 
pieur 1 

Ale\andei ( 5 ) ttas not peifoimed 111 a single case A let lew of tlie loentgcnogianis 
letealed that a pooi thoiacophstv was often the initiating factoi of a Jong 
senes of events that eaentualh' led to tiie neccssit3 of lescction (hguie 5 ) 

An anahsis of this gioup shows thatthoa ai-o patients pi cdominiuth of middle 
age with long-teim illnesses It is not suipnsing tlieiefoie that 44 of the total 
62 lepiesent failuies, not onh of thoiacopiasta , Init of a combination of collapse 
theiapa' measuies as listed in table 1 Onlv IS patients had no i)ictlioracoplast\ 
collapse theripv The facts indicate that this gioup of patients was brought to 
pulraonan- resection late and at a time when man\ of them were pooi llsk^ 
It is our opinion that man3' cases m this senes repiesented poor case selection 
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foi thoiacoplastj" and today could be tieated moie successfully by lesection 

The thud notable contiibutoi}'’ cause to failuie of thoiacoplasty was a conse- 
quence of individual chaiacteiistics of the disease piocess (figuie 6) Such 
chaiacteiistics include laige and giant cavities Avhicli veie so notable in the 
gioup vith adequate thoiacoplastj’’ An unfavoiable position of the cavity in 
the lovei lobe is anothei chaiacteiistic of appaient impoitance in that it cannot 
be piopeil}’^ compiessed bj’' thoi neoplasty Endobi onchial tubeiculosis, paiticu- 
lailj vhen stenotic oi bionchiectatic, as well as e\udative disease, aie likewise 
indnidual featuies of the disease piocess vhich seem to inhibit good lesults 
fiom thoiacoplastA’’ 

The fouith gioup of factois of impoitance aie those of a mechanical natuie 
vlnch pieient adequate collapse and compiession Such featuies as thickened 
caMty vail, thick pleuia, and the fibiotic induiated lung aie evamples of this 
group 

SUMMARI AND CONCLUSION 

1 A chnico-pathological stud}'^ of 62 instances of thoiacoplasty failuie in 
vhich pulmonaij’’ lesection vas peifoimed is lepoited 

2 It is difficult, fiom the pathologic specimen alone, to distinguish between 
cause foi failure and mamfestation of faihue The best deteimination of cause 
can be made vhen the chmeal findings aie con elated vith the pathology 

3 The outstanding contiibutoij'^ cause of failuie was a technically inadequate 
thoiacoplasty 

4 Pool case selection was a fiequent contiibutoi 3 ’’ cause for failuie 

5 Anothei leason foi failuie was a consequence of the individual chaiacteris- 
tics of the disease piocess, such as bi onchial involvement, exudative disease, 
laige ca^nties, and distiibution of disease 

6 Factois mteifeiing vith success of thoiacoplasty also included features 
such as thick cavity v all, thick pleuia, and a fibiotic, induiated lung, all of which 
mteifeie vith collapse 

Siimai 10 y Conchmoiws 

El PnlmoJi Postal acoplasHco Resccado Coi relacion Chmco-Patologica 

1 Este estudio clfmco-patologico compiende 62 cases de fiacasos de la toiaco- 
plastia en los que se ejecuto una leseccidn pulmonai 

2 A base exclusiva del ejemplai patologico, lesulta dificil distmguii la causa, 
de la manifestacion, del fiacaso La mejoi deteiminacion de la causa es posible 
cuando se coiielacionan los hallazgos clmicos con la patologia 

3 La mas notable causa contiibuyente del fiacaso consistio en la insuficiencia 
tycnica de la toiacoplastia 

4 Una fiecuente causa contiibu 3 ’'ente al fiacaso consistio en la mala seleccion 
de casos 

0 Otia causa del fiacaso piocedid de las caiactensticas mdn iduales del pioceso 
patoldgico, es decii, invasion bionquial, foima exudativa de la enfeimedad, 
tamano de las caveinas y distiibucidn de la dolencia 

6 El ultimo giupo de factoies que impiden el exito de la toiacoplastia com- 
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picnde puntos lUes como c-pcsoi de las paiodcs dc la caveina, cspesamiento 
pleuial, V fibiosis e induiafion del pulmon, lodo io cual oi)staculiza el colapso 
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Discussion of Papa hij Doctor Meissner and Hts Associates 

Dr Donald L Paulson, Dallas, Texas In the surgicil trcitment of pulmonarj tubercu- 
losis we have itanett of jnocedures i\ ailable to us lodat Thcoretiealh there should be 
no competition among these procedures Etch should be used in its proper pi ice depending 
on the tj pe of disease piesent and the condition of the patient , paiticuhrh from thest ind 
point of the pitient’s respiritori resene However, in practice it is not alwivs possible 
to fit the appioprnte procedure to the pationt ’s indi\ idual needs After i complete e\ alua 
tion of Ins indn idu il t\ iie of disc iso, i anous surgeons w ill cniploi i \ anoti of procedures 
for the same tvpe of disease It is for this reason that studies such as Doctor Meissner and 
his associates have reported ire of great value One nnv not agree with the corrective 
procedures eniploved, but the leasons for failure are ficts winch we cm accept Peihaps 
these facts will bung us to more complete agreement on the tvpe of piocedure which is 
appropriate in a given ease 

To illustrate this point, tlieie can be no question that severe bronchial stenosis oi bron- 
chiectasis IS better treated bv resection On the other hand in the absence of bronchial 
obstruction and severe bronclnect isis, and in the piesence of i technicalh inidequate 
thoracophstv (40 of 54 patients), particuliih in the presence of contrihteril disease 
(36 of 62 p itieiits), 1 am sure that some of us would consider a rev ision thoracopl istv as the 
more appiopriate pioceduie over resection This nnv not be true in the presence of i laige 
cavitj considered uncollapsible But ev en ui tins inst incc there are safer proceduies av ail- 
able to us such as cav ernostomj , the use of cvtrapleural piumbige, either bv pack is used 
bv Doctor Kinselia oi lucite balls as suggested bj Doctor Biewer 

Tlioncoplastv for various reasons if properly performed is one of tho safest and most 
effective measuies which we have for the surgical treatment of tubeiculosis In cases iii 
which there is an honest difference of opinion between the use of thoracophstv or lesection 
(excluding the bionclnal strictures and bronchiectasis), we believe that the thoricopiastj 
should be done first If in adequate thoracophstv is effective, one has utilized a safer 
proceduie If it is not effective, one can then proceed to a resection on a more justifiable 
basis and, I believe with less danger of contralateral reactivation of disease and a better 
functional result 

Doctor Wilson and I hav e discussed the necessitv for more studies of this tv pe We are 
in agreement that these figures and the results should be broken dow n according to the in 
dication for the surgical procedure Although I realize that this fact was not nghtfullj 
included m this paper, I believe it is peitinent to the subject as a whole to know what the 
results of resection were m this group of patients reported here todaj 



TUMORS OF THE MEDIASTINUMi 

A Discussion of Diagnostic Procedure and Surgical Treatment Based on 
Experience with Forty-four Operated Cases 

LYMAN A BREWER, III, and FRANK S DOLLEY 
(Received for publication May 5, 1949) 

INTRODUCTION 

Pnmarj’’ tumois of the mediastinum have ceased to be medical curiosities dis- 
covered pnncipallj’’ at the autopsy table They are now being diagnosed in in- 
creasing numbers by clinical examination Tins is a result of greater interest m 
thoracic diseases in general, the routine emplo 5 Tnent of the chest roentgenogram 
as a pait of the chest examination, and the use of mass roentgenographic surveys 
for the detection of pulmonary tuberculosis Thus, the problem of what plan of 
action should be taken on the discoveiy ofj a possible mediastinal tumor is be- 
coming more important to all physicians treating thoracic diseases Should these 
lesions be disregarded because of the paucity of symptoms or is operation indi- 
cated in every case? Actuallj’’ the v nters believe there is a definite senes of investi- 
gative procedures winch, if earned out m each case, will detemnne m most 
instances whether or not a mediastinal tumor is present This presentation is 
concerned mth a review of these vanous diagnostic procedures and the therapy 
emplo 3 ’'ed in the management of a large senes of mediastinal tumors, 44 of which 
were treated by operation 


INCIDENCE, 

It IS impossible to estimate the true incidence of mediastinal tumors, due to 
the fact that they are often diagnosed as other conditions Primary neoplasms 
of the mediastinum aie rare and the senes reported have not been large Heuer 
(l) in presenting seven years experience xvith tumors of the mediastinum at the 
New York Hospital recorded operations on 39 pnmary bemgn tumors, 17 malig- 
nant ones In addition, 47 were classified as pnmary malignant tumors of the 
IjTnph nodes of the Hodglan’s lymphosarcoma group Bradford, et al (2) re- 
ported 35 cysts and tumors of the mediastinum in 1946 Blades (3) presented the 
combined expenence of the Army Thoracic Surgeiy Centers in the United States 
dunng Woild War II He collected 94 bemgn tumors and 15 malignant ones 
winch had been subjected to surgery, 94 of the 109 cases were detected by routine 
roentgen examination of the chest Our operative experience consists of 44 pn- 
mary tumors of the mediastinum of which 35 were bemgn and 9 malignant We 
have treated a greater number of malignant tumors of the mediastinum which 
weie not considered candidates for surgery 

Little attention has been paid to the occurrence of mediastinal tumois in mass 

* Presented before the Medical Section, as part of the symposium on Nontuherculous 
Diseases, at the 45th annual meeting of the National Tuberculosis Association, Detroit 
Michigan, May 5, 1949 
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radiographic sim^eys of the chest Prows (4) reviewed 2,821 twenty-one milb- 
meter chest films taken as a mass sun'ej’' on routine admission at a private hos- 
pital, the Cahforma Lutheran Hospital in Los Angeles, Califorma The results 
are seen m table 1 It is of interest that the incidence of suspected mediastinal 
tumors was equal to that of suspected pulmonarj'' tuberculosis, 2 26 per cent of 
positive findings, or 0 1 per cent of the entire sunmy This does not represent a 
true incidence of pnmary mediastinal tumor as many of these patients had screen- 
mg chest roentgenograms or fluoroscopy before being admitted to the hospital 
It does point out, however, that more attention should be paid to the medi- 
astinum in routine roentgenograpluc sunmys of the chest 

ANATOirV OP THE MEDUSTINEM 

Figures 1 and 2 illustrate the anatomj'^ of the nght and left aspects of the 
mediastinum Pressure on the vanous structures depicted in the drawings ac- 
counts for the vanous s 3 Tnptoms, signs, and abnormal findings of the speciahzed 
diagnostic procedures discussed later on in this presentation 

TABLE 1 

Mass Chest Rocniqcnographtc Survey of Routine Admissions 
California Lutheran Hospital {Prows) 


Cases evamined rocntgenographically 2,821 

Cases vrifch positive findings, all types 177 

Cases with probable pulmonary tuberculosis 5 

Cases with probable mediastinal tumors 5 


SYMPTOMS AND SIGNS 

For a considerable penod of time in the groviih of a mediastinal tumor no 
symptoms may be produced It is only when a "sensitive” structure in the medi- 
astinum IS pressed upon that these tumors make themselves known to the patient 
Thus, a mediastinal tumor may cause considerable compression of the lung away 
from the lulum without causing discomfort, proiuded a branch bronchus is not 
occluded It is not surpnsing that mediastinal tumors may sometimes grow to a 
considerable size vuthout causing much difficulty to the patient Once this fact 
is well understood the clinician wiU not be surpnsed to have the presence of these 
tumois discovered bj’’ a routine or survey chest roentgenogram 
The symptoms produced by a mediastinal tumor may be classified according 
to the disturbance in function of the vanous organs m the mediastinum The 
seventy of symptoms depends upon the size and location of the tumor, the 
rapidity of growth, and the presence or absence of actual invasion of those organs 
Five mam groups of sjTnptoms may be recogmzed (1) neurological, (5) respira- 
tory, (S) gastro-intestmal, (4) vascular, and (5) miscellaneous 

Neurological Probably one of the earhest and most constant sjmiptoms of 
tumors of the mediastinum is the feeling of a vague mtrathoracic discomfort, 
fullness, or ache This is common in the tumors that press on portions of the 
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Fia 1 (Upper) Drawing of anatomy of left view of mediastinum 
Fig 2 (Lower) Drawing of anatomy of right vien of mediastinum 
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chest ^^all and so affect the sensitive intercostal nerves Intel costal pain is a 
common finding m tumors of neurogenic ongm, varjongfiom a slight tvange of 
pam to a severe neuialgia The pain maj'' be pleuntic in chaiactei, being aggia- 
vated by icspuation With involvement of the cardiac nenes, an anginal type 
of pam may be pioduced In fact, several of our patients had been tieated for a 
numbei of yeais for angina pectoiis and had then activities maikedly curtailed 
because of this diagnosis Erosion of the vertebra produces a boimg tj’iie of inter- 
scapiilai pam which is verj' severe Invasion of the brachial plexus causes severe 
pain in the uppei extiemities “Dumbbell tumors” of the spinal cord and medi- 
astmum may exlnbit sjTnptoms and signs of spinal coid pressure 

Other neurological sj^mptoras include hoarseness due to paraljsis of the re- 
cuirent larjmgeal nenm from piessure on tins slructuie Hiccups may be piesent 
as a lesult of pin erne ner\'e stimulation, although this is laie The finding of 
Homer’s syndiome (myosis, enophthalmos, and ptosis of the eyelid) vrill point 
to involvement of the cemical sjonpathetics Vomiting may result from vagal 
nerve stimulation although this is usually a result of other factors 

Respiratory Respiiatoi^^ sjonptoms are the next most impoitant gioup of 
sj^mptoms vhich aie the direct result of piessuie of the tumor mass on some poi- 
tion of the lespiratoiy tract Dry cough is usually noticed fiist, followed by the 
expectoration of sputum The sputum is fiist mucoid but may become puiulent, 
if obstmction to a bionchus exnsts and secondary infection supen^enes Piessuie 
on a mam bronchus or trachea results in wheezmg, not unlike bionchial asthma 
This is distinguished by the fact that it is often unilateral and is heard best on 
inspnation Pressure over the tiachea results m a coarse rhonchus and stridor 
The brass5’' cough may also be the lesult of recurrent laryngeal paratysis Dj’^sp- 
nea, which is mild at first, incieases with increase m the size of the tumor and 
resultant decrease in ^^tal capacity Shortness of breath maj' occur vuth sudden 
onset, as uith iobai pneumonitis, with no piemoiutoiy S3'mptoms Tumor ma3'’ 
be suspected onl3’’ when roentgenograpluc examination i eveals a pei-sistent shadow 
following subsidence of the pneumoma Hemoptysis occurs m 20 per cent ( 5 ) 
of all mediastinal tumors The hemopt3’"sis results from the erosion of a blood 
vessel in the respn atory tract or secondary infection Hemoptysis, secoiidaiy to a 
tumor of the mediastinum, is the fourth most common cause of pulmonary 
hemorrhage, being superseded in frequency only by tuberculosis, bronchogemc 
carcinoma, and bronchiectasis ( 5 ) D3’'spnea is a prominent s3’’mptoin of most 
mediastinal tumors of any magmtude 

Oastro intestinal Gastro-intestinal s3’'mptoms result primarily from pressure 
on the esophagus Thus, difficulty in swallowing and a sensation of sticking of 
food” in the gullet are the symptoms most commonly observed The esophagus 
may be displaced considerably and only moderate obstruction result, provided 
there is no inteifeience with the esophageal peristaltic weaves The occurrence of 
dysphagia is a serious ^nnptom, ryhich may mean carcinoma of the esophagus, 
and so is an indication for immediate and thorough investigation of the cause, 
Reguigitation of food occura when the obstruction is nearly complete Vomiting, 
however, is usually a s3Tnptom of advanced mediastinal malignancy and is not 
often seen in the bemgn cases 
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Vascular Obstruction of the great vessels m the mediastinum, although rarely 
obseiv^ed in benign tumors of the mediastinum, is a common finding m malignant 
mediastinal tumois This symptom represents a poor prognostic sign In the 
supenor mediastinum, the veins are compressed first and show dilatation on 
exercise or bending over As the obstruction of the supenor vena cava progresses, 
cyanosis of the head and neck occurs with associated pounding in the head, head- 
ache, and tinmtus Marked dilatation of the veins, edema of the head and neck 
and extremities repiesent advanced venous obstruction The development of 
collateral circulation in the chest wall parallels the venous obstruction Pressure 
on the infenor vena cava is less common When this vein is obstructed, edema 
of the legs and ascites develop Progressive venous obstruction due to a medi- 
astinal tumor almost alv ays means a malignant tumor Occasionally, an infiam- 
matory lesion may produce a venous obstruction, but these cases are lare 

^Hscellaneous Fever is usually not a symptom of mediastinal tumor unless 
there is secondary infection in the lung due to pressure occlusion of the tracheo- 
bronclual tree It is present in advanced mahgnancies, in some instances due to 
the breakdown of the tumor The loss of weight and strength, secondary anemia, 
are evidence of advanced mahgnancies, but are less common than with malignant 
tumors found elsewhere in the body because of earlier deaths from compression of 
vital mediastinal organs Marked loss of weight is usually secondaiy to esophageal 
obstruction It is surpnsing how large benign mediastinal tumors may get without 
producing marked ssonptomatology 

PHYSICAL EXAMINATION 

Early in the course of development of a mediastinal tumor there are few demon- 
strable physical signs On palpation, tracheal deviation may be noted Homer’s 
syndrome and umlateral fiushing point to involvement of the cervical sympa- 
thetic nerves On percussion, the antenor or postenor mediastinum may be 
widened The changes noted on auscultation m most instances depend upon the 
amount of obstruction to the trachea or bronchi present Tenderness of the chest 
wall may be noted over the tumor The development of herpes zoster would 
suggest the existence of intercostal neuntis from pressure on the affected nerve 
In most advanced cases the signs of vascular obstructions are very spectaculai 
The distended neck veins, cyanosis and swelling of the neck, and dilatation of 
the capillaries on the chest wall usually point to the mediastinal obstmction of 
an extensive malignancy 


DIAGNOSTIC PROCEDURES 

Roentgen examination The roentgen examination is the most important diag- 
nostic aid for the identification of mediastinal tumor In addition to the con- 
ventional postero-anterior view, lateral and obhque films show the location on the 
anterior posterior plane Fluoroscopy and roentgen kymography are useful in 
distinguishing between the transmitted pulsation and the intrinsic expansile 
pulsation found in aneurysms of the great vessels In the case of an aneui^^sm 
vnth rigid walls, howevei, or one filled unth laminated clot, no pulsation may be 
noted Body section radiography (planograms, tomograms, laminograms, et 
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cetera) both in the postero-antenor and lateral planes often tells the a\act point of 
attachment of the gionths and then effect on adjacent organs If no expansile 
pulsation IS present in the aneurj'sm, the distinguishing of an aneurj’’sm from a 
mediastinal tumoi may be extremel}’’ difficult Seldom, indeed, does an aortic 
aneiuysm develop m a person m whom all sciologic tests for sjiihihs are nega- 
tive The injection of 70 per cent diodrast into the median or cephalic vein mil 
frequent Ij’’ reveal the pi esence of the suspected aneur5’’sra In some instances, to 
show the aich and the descending portions of the aorta, a letrograde carotid 
injection must be made This technique cleaify outlines the aich and descending 
aoita and is most helpful when aneiu3'’sras of the arch or of the descending aorta 
are suspected In postenoilj’^ located tumors, barium studj’’ of the esophagus 
show s possible changes in the esophagus effected by the tumor Similarl}’’, bron- 
chograms wall demonstrate anj bionchial distortion resultant from pressuie of a 
mediastinal neoplasm 

Endoscopy Bionchoscopy is an important diagnostic piocedure when the 
suspected mediastinal tumoi is in such a position as to press upon the trachea or 
major bronclu By endoscopic examination the amount, if anjq of ex-ternal com- 
pression on the tiachea or bronchus, or occlusion from a neoplasm witlun these 
organs, can be accuiatel}'’ determined The mobihtj’ and presence of inflamma- 
tion of the bronchial walls mil be accurate^ obsenmd The most impoitant lole 
of bronchoscopy, however, is the identification oi exclusion of the primal^' 
bronchogemc carcinoma Tins most common mtiathoracic neoplasm may simu- 
late tumoi of the mediastinum Eaih>’ radical lemoval of bionchogemc carcinoma 
has proved the only successful cure Thus, bronchoscopy alwaj^s should be pei- 
foimed when bionchogemc carcinoma is a possibility It should be emphasized 
that bronchoscop3'^ is not indicated in all cases of tumoi-s of the mediastinum 
In postenorlj’- located tumors, those neai the anteiioi chest vail, and those ad- 
jacent to the diaphragm, bronchoscopj'' is not necessarj’- 

Esophagoscopy is indicated onty in posteriori}’' located tumoi s wheie theie 
IS a possibilitj’" of esophageal involvement i^uth the tumoi A carefullj’- performed 
barium esophagiam should be done first No esophagoscopy should be peiformed 
unless theie is definite evidence of changes in the contoui of the esophageal 
shadow In this instance too, caicinoma of the esophagus is the most serious con- 
dition to be discovered The obstmction sjmiptoms are usually paramount, 
however, and point to pathologic changes in the esophagus long befoie a mass oi 
shadow is visible on the plain chest roentgenogiam 

DiCLgnosiic pneumothorax Diagnostic pneumothorax was populai a decade ago 
to distinguish between intra- and extiapulmonarj’^ tumors It was used not on!}’’ 
as a diagnostic measure but also to collapse the lung preparatoi to performing a 
lobectom}’' or pneumonectomy Actually the prelimmat}’^ pneumothorax prioi to 
lung lesection has been found of mammal value The diagnostic worth of the 
pneumothorax is limited in the piesence of intrapleural adhesions and often fails 
to point out the site of origin of the tumor The more accuiate procedure is the 
exploratory thoiacotomj’', vluch is to be prefeired to diagnostic pneumothorax 
In rare instances diagnostic pneumothorax may be employed With a pneumo- 



TOMonS or TUC MnoiASTINOM 


425 


thorn\ c5f,nbliblicd, Ihoi-ncoscopic c\annnnlion may bo helpful in arriving at a 
diaanocifc The froqucnlh rc'^tncfcd manipulalion of the thorascope, however, and 
the presence of a ‘••mall pneumolhonn pocket make this procedure of limited 
%aluc At theboM i( isgrontlj infenoi to surgical exploiation 
A<jpirflba?i 0 / tumor cdh The roco\cnt' of tumor cells b> means of a needle 
introduced through the intact chest wall is warranted occasionally Only wdien 
there is a question of the presence of locahrcd pleuinl fluid or w-hen a tumor, if 
malignant, is ob\ lou'^ly inoperable, is aspiration justified It should not bo used 
when the tumor is located antcnorl}' for fear of tcanng one of the great vessels 
In tumors located posteriorly or l.alcrall} located tumors of great size, aspiration 
mn-s bo employed We do not bchea e that it is justified to aspirate a tumor pre- 
opcrativelj in a case where operation is clearly indicated solely to determine the 
cell type One of our cases w ith a huge teratoid tumor of the mediastinum was 
treated as a case of tuberculous empyema Finalb-^ the aspiration of hair by thora- 
centesis “^how ed a dermoid to be present 

Teds for specific granuloma The exclusion of aneui^’^sm of the aorta is probably 
one of the most important points in differential diagnosis of tumors in the 
vicimtj of the aortn The performance of serologic tests for sj^phihs on speci- 
mens of blood or cerebrospinal fluid is on important diagnostic procedure not to 
be omitted Tuberculin tests and examination of the sputum for tubercle bacilli 
should be cmploj'cd if tubciculosis is suspected Tests for coccidiodes and 
ccclunococcus disease and other specific gianulations also may be of value 
Trial X-ray therapy One of the most helpful diagnostic tests is the use of 
deep X-rn 3 thcrapj' in iiossiblc cases of Hodgkin’s disease and the lymphoma- 
IjTnphosarcoma group The prompt sbnnkage of an antenorly placed penhilar 
or hilar mass after the administration of a skin dose of from 750 to 1,000 r usually 
means a tumor of this group This test represents a satisfactory diagnostic pro- 
cedure because no other intiathoracic lesion is so radiosensitive Furthermore, 
since no benign lesion is radiosensitive, the decrease in size of the tumor, as seen 
on the roentgenogram following this therapy, represents a contiaindication to 
operation Prolonged and extensive deep X-raj' treatment should be discontinued 
if there has been no shnnkage in the size of the tumor after three or four wrecks 
Prolonged roentgen therapy will not only be ineffectual but also it may malce the 
surgical removal of a benign tumor very difficult If a mediastinal lesion pnmanly 
held to be malignant does not definitely decrease in size following radiation 
therapy, the patient should be explored at once 
Biopsy Biopsj’’ of accessible peripheial lymph nodes is alw'ays m order in any 
part of the bodj'’ wffiere the diagnosis of metastatic malignancy in lymph nodes 
IS suspected Mediastinal tumors present no exception to the rule For the finding 
of malignant metastasis contraindicates surgical exploration 
Surgical exploration This procedure is often the only certain means of estab- 
lishing the diagnosis of a benign mediastinal tumoi If, after a careful analysis 
of the various tests outlined above, the diagnosis is in question, surgical explora- 
tion IS indicated, provided the patient is a suitable subject for surgery A more 
complete discussion of exploratory thoracotomy is presented later 
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Comparison of sjTiiptoms of benign and malignant mediastinal tumors and 
ccrlam differences between benign and malignant tumors is outlined m table 2 
The malignant tumors produce local and constitutional ^'mptoras which are 
mvanably progressnm It is only when the benign tumors become verj^ large or 
press upon “sensitive” organs that comparable symptoms are noted Obstruc- 
tion of the great vessels and the rapid development of collateral circulation on 
the chest wall is almost mvanably a sign of a malignant lesion of the mediastinum 

LOCATION or VARIOUS TUMORS 

It IS imjiossible to catalogue the location of all of the t5’'pes of mediastinal 
tumors because of the lack of accumulated evidence on the rarer types and tlic 
differences of opimon regarding tumor location in the literature This difference 
of opimon undoubtedly is based upon vaned sites of origin for these neoplasms 

TABLE 2 


Comparison of the Symptoms of Bcntgn and Malignant Mediastinal Tumors 


nENlCN 

IMUCNAVT 

1 Slow growth 

Rapid growth 

2 Usually unilateral 

Often bilateral 

3 Few constitutional sj mptoms 

Marked constitutional sjuiiptoras 

4 No pleural effusion 

' Pleural effusion frequent 

5 Superior vena cava obstruction rare 

Superior vena car a obstruction frequent 

6 Peripheral nodes not enlarged 

Peripheral nodes enlarged 

7 Nerve paralysis rare 

Nerve paralysis frequent 

8 Pulmonary tissue compressed 

Pulmonary tissue invaded 

9 Border smooth and circumscribed 

Border frequently irregular 

10 No response to X-ray therapy 

Ljunphoid tumors respond 


Nevertheless, it is worth while to point out the more usual location of the com- 
moner tjTies of mediastinal neoplasms as diagrammed in figure 3 It mil be 
noted that neurogenic tumors, esophageal and gastroentenc cj^sts occupy a pos- 
tenor location although the latter may present m the middle mediastinum 
Bronchogenic cysts, although attached centrally, may present in either an an- 
tenor or postenor position Lymphoid tumors invohung the lymph nodes, such 
as the bunphoma, Hodglan’s, lymphosarcoma group are commonly found com- 
paratively early in their development in an antenoi or central position 
Metastatic malignancies, teratoid tumors, thymic tumors, mtratlioracic goiter, 
pencardiai cysts, and possibly hpoid tumors develop m an anterior location 
This leaves a very large group of rarer types of mediastinal tumors foi winch 
greater experience will be needed in order that they may be accuratelj located 
It IS true also that exceptions to the locations of the vanous tumors shonm in 
figure 3 may be found Nevertheless, it is believed that this diagram mil be helpful 
m the mjyonty of the cases in locating the types of neoplasms depicted m the 
diagram 
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Fig 3 Dt igrams of usual locations of common tumois of the mediastinum 
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table 3 Bjonchogenic caicinoma is the most common mtiathoiacic tumor It 
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IS lesistant to X-iay theiapy, and suigical excision befoie spiead has occuued 
IS necessaiy to effect a cuie It is most impoitanttodistinguish this bionchogenic 
caicinoma fiom mediastinal tumoi In eaicmoma of the iuug aiising close to 
the Mum, the shadow is usually iiiegulai at the penpheiy Bionchoscopv is 
fiequen% positive and the cancel cells may be found in the sputum Cougli, 
expectoiation, and blood spitting aie moie common Howeiei, in the supeiioi 
sulcus tumoi, now known to be a foim of bionchogenic caicinoma in the gieat 
majoiity of cases, pam m the shouldei oi aim, Hoiiiei’s svndiome, and slight 
cough aie piesent It is extiemeb'- difficult to distinguish this lesion fioiii a su- 
peiioi mediastinal tumoi If the tumoi mass piesents a smooth outline, it is 
likelj’’ to be a benign mediastinal tumoi, and opeiation is indicated If the boideis 
aie iiiegulai, howevei, oi theie is evidence of imasioii of adjacent tissues, we 
should suspect eithei a supenoi sulcus bionchogenic caicinoma oi a malignant 
mediastinal tumoi, both of which aie usuallv inopeiable by the time the diag- 
nosis IS made If the piesence of caicinoma of the lung cannot be excluded in 

TXBLE 3 

Conditions which Simulate Mediastinal Tumors 

1 Caicinoma of lung 

2 Benign tumors of lung 

3 Cists of lung 

4 tneurisms of heait and great vessels (dissecting anetinsnis) 

5 Chest wall tumors 

6 Tubeiculosis of niedi istnii! hmph nodes 

7 Hj datid disease 

S Mcdnstina! abscess 

9 Thiombosis of superior \cna cu i 
10 Diapluagmitic hcinii 

the diffeiential diagnosis of a possible mediastinal tumoi, and no eudence of 
spiead of the cancel can be found, suigical exploiation is defimteh indicated pio- 
Mded the condition of tiie patient peimits this pioccdme 

Benign tumois of the lung occuiiing close to tlie hilum, if the> occlude a majoi 
bionchns, usualh pioduce atelectasis of the lung befoie thot leach sufficicnl si7e 
to piesent a mediastinal mass on loentgeu examination Tlict aie leadih diag- 
nosed at bionchoscopj’’ If the mam oi bianch bionchus is not occluded, liowci ei, 

It maj" be \en’ difficult to distinguish between the two conditions In most in- 
stances bionchial adenomas close to the hilum can be seen at luoncliosioin 
Pulmonaiy c\sts located close to the iiiium, if filled with fluid, iic nidistinguidi- 
able fiom benign tumoi of the mediastinum Since opot ition is indicated for both 
of these lesions, the failuie to distinguish between thc^^e tonduioiis is not sonous 
Chest wall tiimois located close to the stoinum oi spine often piesent a palpable 

mass The5 fiequentlv cause pain, but little, if anv,pulmonan simptoms Plini- 

giams ire helpful m showing then point of ongin Since thca aic potcntiilh 
niaii"'nant excision at the thoracic w all is indicated 
Aneimsms of the hcait and gicat ncsscIs piesent a difficult pioblem m dilTcr- 
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enlu! (intrii()-|s I'nijl Iho \ 'iiioii> Miicu’il inotliods jo tio'it inounsms no poi 
k'(t(\l t)ioi K otonn foi itu'iin Mils 1^ nol mdualoti \Mion t ho mediastinal m i^s 
shou' (‘\puisilo puls u 11)11 jintl the \\ ‘i-sspinnnn tost is posp no, a s\pliilitit 
'uuuiV'-in is the most hkoh diaunosis llo\\e\oi, i nonpiilsiic imounsm m one 
Midi *1 1 iiimi U(‘(l ( lot urn onh ho duKtiosod !n the (ontrist aitcnogiapln with 
injoition of diodi 1st In some iiistanoos mieunstn Mill he onh diagnosed at 
('sploi ‘ton thoriootonn Dis-oiting anoiinstns nio p-ulitiilaih difficult to 
di ignoM' IS tho\ im loiso in si?o and < niso pnin <imi!ai toannn asn e mediastinal 
tumoi 

I liioinhosis of the supoiioi aoiiai u llsa^el\ laio condition It is manifested 
h\ the -mils of sniioiioi \ on 1 1 n.i ohstiiu tion Mitliout the finding of cnlaigement 
of the modiistuuim suggostno of i tumoi on locntgen cvaminalion 

rnhigod mediastinal hinph noih's duo to piiimoii u\ liihcu nlos|s usnalh con- 
tain ( ildum deposits I fip tnhoKuhn lost is pospno and tlicio inaj be signs of 
he lied pulinon in tniieiinlosis on the ilu'st loentgcnogiam Onh occasionalh 
Mill tluie he i (infusion Mifli inedi ntin tl tnmois; 'j hg location and calcification of 
the-e nodes IS usu.dh dngnostic 'lhe\ aiemainh asvmptomatic and should be 
left done V feM h ue been reino\ed a((Oiding to ceit iin lepoits of the medical 
hfenluic houecoi theie is i nch indie ition foi then evcision 
IlMlatid discise is not (ommon in the rnitcd Stales and only Mhen itispiesent 
in the lung ndjaiont to the medi istinum Mill mediastinal tumoi be simulated 
T lie pir( ipitin test and skin tests aie posiinc m high tilcis Mith an actn e liydatid 
(ist often hookh'ts m ii bo io(o\cicd fiom the sputum 
Modi istiii il ali'ccss, tlioiigli pic«onfing a Midcning of the mediastinal shadoM 
on loentgcn evaniination, Mill laieh be confused Mith neoplasm of the medi- 
istimim I sualh tlieie is Inston of tiauma, foieign boch m esophagus, instiu- 
monl ilion, ct ccteia High fccei, taclncaidia, chspnea, gieat Meakness, and 
prostialion usu dh come on i ipidh Ihus the signs and semptoms of an acute 
infcOion aie pai amount liic dccelopmcnt of a fluid lecel m the mediastinum is 
diagno-tu of a mediastinal ali^cess Intensnc antibiotic theiap} and piompt 
single d diainigc aie indifatcd 

Diapliiagmatic licinia is usually diagnosed by a caieful upper gasti o-mtestmal 
roentgen stiuh IIoMeaei, if the hciniated sac contains only omentum and not a 
portion of the stomach oi intestines, then a tumoi of the mediastinum Mill be 
simulated We haio opeiated upon tMo such cases m oiii senes 

T^imS or MrDI\STl^AL TUAIORS 

In table 1 aie lecoided the yanoiis typos of mediastinal tumors found in oiii 
senes Xeuiogonic tumois mck most common, yhile teiatoid tumois Mere second 
and cysts thud m fioquency Blades ( 3 ) also found pnmaiy neiye tumois most 
fiequent, Mith bionchogenic cysts second, teiatoid tumois thud, and pericaidial 
cysts fouith These gioups of mediastinal tumois make up thiee-fouzths of the 
benign tumois that are subjected to surgeiy A miscellaneous gioiip is included in 
the leraaindei The malignant mediastinal tumois opeiated upon are few m 
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numbei and so ^ aned in type as to piev ent cataloging The salient cbaiactenstics 
of the most common benign mediastinal tiimois aie piesented 


T-tBLE 4 

Types of Mediastinal Tumots in TI ritcrs’ So ics 


BEVIGX 

malign \nt 

Xeurogenic tumors 

16 

Sarcoma 

! ^ 

Teratoid tumois 

S 1 

(a) Spindle cell 

i 

Cj sts 1 

I 5 

! (b) Fibroblastic 

i 1 

(a) Broncliogenie 

1 3 

(c) Lipo 

' I 

(b) Pericardial 

1 2 

i (d) Xeuro 

I 1 

Thj nioma 

I 2 

Hodgkin’s 

i 3 

Thj roid 

2 

Endothelioma 

' 1 

Leiomt oma 

1 



Cjstic Ingroma 

i 1 

1 


Totals 1 

35 i 


0 



Tics 4 uid 5 Xeurofibroma of posterior metli'istimim V 23 m ir old ‘-ri n < ir\ li id *v 
chest film tiken ns pirt of imnsssur\cn for pulmonnr} tulicrculosis n thest iief iii Tumor 
mnss disco\ cred 

Fig 4 (Left) Posterior nntenor mow of chest shows slnrph cireiini'-crilied oioid ‘■oft 
tissue miss behind cirdinc shndow 

Pic 5 (Right) Litcnl projection demonstrntes tumor to he posteriorh iK\t to 'ipine 
Vfter film wns 1 ikcn, p itient ndniitted she hnd «omc left chest p iin Benign neurofibronin 
remoned nt thorncotonu performed through posterohtcrnl ipproich I’ntient now well 

Neurogenic tumors Piiman none tumors icprcsent one of the three niO'-t 
common tv pcs of mediastinal tumois and are the mo^t import int growtiis 
of the postenor mednstmum Xcurofibionia, neuiobla<=tomi, ginglionenrom i, 
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et cetoia nn% ho found In 1010 IIcuci and Andnis(6) collected lOS cases of these 
tumoii? uid in Idl 1 Ileuti, Kent, e( al (7) ic\ lowed 105 collected cases, including 
IS fiom Bnino« IIo^plt•ll Most nouiogcnic tumois aie lehtiveb* asj^mptomatic 
Dull intOKOstal p-un, not icgaidcd as being important In the patient, is usually 
the first c'uh s\inptom 

Sc\ci d of the i iscs in oui scucs wcic discoveicd quite accidently m poisons 
who (oii'-idciod themsches to be well but who, onfuithci questioning, admitted 



FiGb G ind 7 Teritoid tumor of ^n(c^or mcdi istinum V 55-ceu-old engineer com- 
pl lined of cough, d\spuc'i, “ind jnin in light interior clicst of tiienti coirs’ dunt ion X-ray 
thoiipi gnen fifteen ceirs preciouslj without lehef 

Fig C (Left) V round shaiph circumsciibcd homogenous miss, is dense istheciidnc 
shadow, IS seen protruding from the light medi istimim, icsting on the diiphrigm on the 
postcuor interior film 

Tie 7 (Right) Lilei \ici\ rcveils this lounded mass to have in intenor location A 
benign tentomi of the iiiteiioi mcdiistimim \\is lemoved bj i thoiacotomj perfoimed 
through the posteioliteiil ipproich Pitient is now well ind woiking 

slight cheat pam Hoinei’s sj^ndiome in one case pi owed to be evidence of a 
neuioganghoma, although the taiious types of neive tumois cannot be dis 
tmguished chnicall} When clinical signs and symptoms of moment aie noted, 
most often malignant changes have taken place This occuis in 37 pei cent of the 
cases (7) Roentgen examination shows a chaiacteiistic shadow, smooth in out- 
line, which may be lobulated and is of modeiate soft tissue density, sharply cii- 
cumsenbed in the postenoi mediastinum (figuies 4 and 5 ) A caieful seaich foi 
erosion of the veitebrae should be made foi this is stiongly suggestn e of mtia- 
spmal extension of the tumor m a dumb-bell-like configuration Neuiogemc 
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tumois do lend themselves to smgicai lemoval m the benign state Since appioxi- 
matelj" one-thud of them become malignant, the}’- should be lemm ed as soon 
as diagnosed, even though asymptomatic 

Teiatoid tianois The gioup of teiatoid tiimois includes both the deimoids and 
teiatomas, of vhich the lattei aie most common accoiding to Haiiingtou (S) 
Teiatoid tiimois aie the most fiequent benign neoplasms of tlie anteiioi medi- 
astinum, 251 cases haMng been collected (9) These tumois glow slowh and 


FiC'^ S uid 0 Bioiicliogenic c\st of niefli'istinuni V 30 \ e ir oki in ilo iccount uif com- 
phincti of hemopt^SIS iml a “tumor ni the lungs ” Patient hui known iheninitie heart 
disease, completeh corapeiis itcd Bionehoscopt showed some distoi tion of the light lower 
lobe bionclius 

Fic S (left) Smil! ciicunisciibcd miss piojecting fiom iht lower light medi istimitii 
IS seen on postciior uitciioi film 

Fig 0 (Bight) tshiijih eircninscnhed in iss of centnl medi isfinnm is jniti lih «h 
soured In ( he c udne shadow Pi coper itnediignosis eitlier uienonn of bionchiis oi intdii 
stiinl tumor V benign broncliogemc e^st of ihc mediisiinum w is lemoved Postopi i iim 
course unoxentfiil It is quesfioiuble whelhei this p\st w is rcsponsihje for hemopt\-is 

inch pioscnt SMiiptoms bpfoie puberU Intoimittent totigli icspn iloi\ infct- 
tions, and thoiacic pam ate the common semptoms II ui inn Im (otiglicai up 
when ciosion has occuiiod in the bioncliial tree, oi it inn be aspuatel be i 
needle intiodiiccd (hiough the chest wall In some instances the tumois ma\ li no 
a ccnica! extension Roentgenologic e\anun cl ion shows a den«c smooth lound 
tumoi usualh in the mtonor mediastinum, occasion i!i\ m inegulai Imrdei is 
seen (figuics 0 vUid 7) boxcial cases have been icpoited in the postciioi mcdi ts- 
tiiium If teeth oi hone ue picsent, theie is no cpicstion iboiit flie dnanosis 
Teiatoid tumoi-s ha\e Iiccn found to he m ihgnmt, 12 9 per cent of the t nes fO) 
Once malignant dnnge Ins taken phte and imaston of s(nic(urc« contignmia 
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to the tumoi has developed, the chance of cme by any method of tieatment is 
e\ceedinglj lemote Suigeiy of the benign teiatoid tumors has been very suc- 
cessful, while X-iay thciapy has shoivn little beneficial effect It is obvious, there- 
fore, that cailv siugical lemoial is uigently indicated 
Bionchogeme cysts C3'sts of bronchogenic oiigin are uncommon Blades (3) 
found 33 cases m the liteiatiue up to 1946 and added 23 additional cases m his 
collected senes fiom A.im^’’ medical centeis Bionchogeme ej'^sts may aiise fiom 
am’’ point along the tiacheobionchial tiee and be piesentmeithei the anteiioi oi 
postei 101 mediastinum Cough and substeinal discomfoi t aie the usual complaints 



Figs 10 and 11 Pei icaidnl cist A 44 i ear-old dentist complained of pain m the light 
anteiior chest foi seveial veais 

Fig 10 (Left) The posteuoi inteiioi chest film demonstiated an oval homogenous 
shadon blending with the cardiac silhouette at the level of the diaphragm 

Fig 11 (Right) Oblique film levcals shadow to be anteiolateial m location, extending 
outwaid from the caidiac outline A pericardial cyst was removed bv thoracotomy pei- 
formed thiough a postei olateial approach Patient is well and fiee of sjmptoms 

and the signs of infection may be piesent In most instances the cysts ate 
entiiety as3TOptomatic and aie distoveied only on loutine chest films On 
the loentgen examination they appeal as lounded oi oval masses often m 
either the anteiioi oi postenoi mediastinum (figiues 8 and 9) The shadow ma3’' 
be ill-defined on the lateial view FIuoioscopx’’ often leveals movement of the 
mass on swallowing, due to the attacliment to the tiachea for uppei mediastinal 
C3^sts These cysts aie insensitive to X-iay theiapy If infected, theie is no ques- 
tion about then lemoval If as3miptomatic, then removal is necessaiy because 
of the difficulty’^ in distinguishing these lesions from teratoid tumors and broncho- 
genic carcinoma, wheie excision is definitely indicated 

Penemdial cy^ts Cy'Sts of the peiicaidnim bax^e been repoited m the litera- 
ture in onty 21 cases Though usually asymptomatic, slight anteiior chest pain 
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■was noted m the 2 cases m oiu senes These cysts piesent in the antenoi medias- 
tinum as ciiculai oi oval masses which aie less dense than teiatoid tumois, and 
on fluoioscopy aie defimtelj’ attached to the peiicaidmm (figiiies 10 and 11) 
Eoentgen theiapy is ineffectual m i educing the size of the cvst The tine diag- 
nosis can only be made by evploiatoiT thoiacotoma , at which tune the leraoial 
is technically a simple pioceduie Opeiatne mtenention is indicated, theiefoie, 
to nile out nioie senous tapes of mediastinal and piilmotian' tumois foi which 
suigeiy IS the only hope 



Figs 12 iiul 13 Tlnmomi V 55 -vcir old rinchcr hul mciciscd cough, expcitorilioii, 

"ind d\ spncn for sc\ er il i cirs 

Fir 12 (Left) Posterior interior film of the chest shows i shghth lohuhted homo 
gcnovis miss extiudiug out from tiie left litei li border of the licirt 

Fir 13 (Right) On the Inter d proiections i lobulited slndow IS present in tin. interior 
mcdi istimim oierhing but distinct from the lieirt shidow Bronelioscopi showed dis 
p! iciment of left mini bronchus Pciucdlin thcnpi guen for three weeks liefon operiiion 
bet uivL of chronic brontliitis V 1 iigt tliMiiomi of the interior mcdi istimini w is nmoM d 
through the postciolnteril ipproich P vtient i® murh impioicd lud now working Resuin d 
cough IS present probibh on bisis of low gi idc bronchieet isis seioiid in to prolonged 
bronchi il obstruction from the hentgn mcdiistind tunioi 

7/i;/ann Ihoaast mijonta of (h\mu tumois iro niihiinuif, sevortl linndied 
h i\ mg been icpoi ted m tliehtei iluie (10) W e ate o\t hiding t lio-c ll\\ intt tnmnis 
found in ivsociation with im \«thcnia gi uis foi litis iittei disiMso so domm itcs 
the limit ti pittuie a« to picscnl piuhlcms not pertinent to this disins^jon H 
seems worthwhile, howctei, to tomment on the two liemgn i ises m mn smos 
Boll) l)id snlistciinl distic'S md tough as piedomin iling sMujitoms Mote 
often iienign tinmomas uc as\ mptom itit Roentgen eMimnafion leietls a 
m i«s in (he antenoi mediastinum in the legion of the tlnnuis wiiuh n fiiih 
dense, hut exhibits no pattuulir ihuattcnstus (figuics 12 ind 13) It i iiinot 
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be distinguislicd from Ijonphoid tumor of the mediastinum If X-ray therapy is 
ineffectual, removal is indicated since the great majonty of thymic tumors 
undergo malignant degeneration 

Mtsccllancoits hemgn tumors The other bemgn tumors m our group of cases 
included tlij-TOid, leiomyoma of the esophagus, and cystic hygroma We have 
not encountered such rare neoplasms as gastro-entenc cysts, hemangiomas, 
fibromas, xanthomas, et cetera The reader is referred to the excellent recent 
collective re\new of the literature compiled by Thompson (11) in 1947 as well 
as the earlier reports of Heuer and Andrus (8), Bradford, et al (2), Blades (3), 
and others 


MAUIGNAOT’ TUMORS 

Only 9 malignant neoplasms were operated upon in this senes In at least four 
times that number of cases we were able to malce this diagnosis of malignant 
mediastinal tumor vuthout operation, so that no surgeiy was done In 5 instances 
some type of sarcoma was found, in 3 cases Hodglon’s disease was the diagnosis, 
while the final case vas proved to be an endothelioma No one of these cases 
was cured by surgeiy as it was impossible to remove completely these mahg- 
nant tumors because of invasion of vital structures 

INDICATIONS FOR SURGICAL OPERATIONS 

It IS now generally agreed that all benign mediastinal tumors should be re- 
moved by surgery (1, 2, 3, 6, 11, 12) This plan of treatment is based on the fact 
that bemgn mediastinal tumors are potentially malignant To remove them when 
they are present as discrete circumscribed tumors is to take advantage of a golden 
opportumty to cure the patient In waiting until marked s 3 miptoms are present, 
the one chance to effect a cure may be permanently lost Furthermore, some 
bemgn mediastinal tumors may become so large as to senously interfere with 
pulmonaiy and cardiac function, with continued grovi«h, death supervenes 
even though no actual malignant change has talcen place The surgical excision 
of bemgn mediastinal tumors when severe cardiopulmonary symptoms have 
developed is often difficult and the results less certain In some instances pul- 
monary tissue has been compressed and destroyed by secondaiy infection, so 
that lobectomy or pneumonectomy must be performed as well The risk of oper- 
ation for early cases is veiy small and should be less than 3 per cent with quah- 
fied anesthetists and surgeons The chances of cure are practically 100 per cent 
when a discrete bemgn mediastinal tumor can be removed completely 

On the other hand, surgery is not indicated for most mahgnant mediastinal 
tumors Rarely a malignant tumor may be removed before extensive metastasis 
has occurred As has been stated, tumors of the lymphoma group umformly 
respond to deep X-ray therapy With expenence the roentgenologist and the 
surgeon will be able to tell in most instances which cases should have a test dose 
of roentgen therapy We do not now advocate, by any means, the routine use of 
X-ray therapy m all cases of mediastinal tumor, although we formerly held t.hia 
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new ( 12 ) However, if there is no response to the X-ra}- treatment m three or 
four v eeks' tune, then surgeiy should be promptly undertaken To prolong the 
roentgen treatments after an adequate test do'^e has been admimstered results 
in no benefit to the patient The removal of a benign lesion mil be rendered 
more difficult and hazardous and the result, therefore, less certain When there 
IS not definite evidence of a malignant neoplasm of the mediastinum and X-ray 
therapj’’ has failed, surgical exploration is then indicated 

STJEGICAU TRCmiENT 

Our early cases nere operated upon mthout the benefit of antibiotics How- 
ever, the last 22 patients in this senes recen ed penicillin routinely on the daj’' 
before surgery and for one week thereafter In several instances the presence of 
severe chrome bronchitis necessitated a longer preoperative admimstration of 
the drug No postoperative pulmonai^'^ or pleural complications vere seen mth 
the use of pemciUm We prefer the posterolateral approach to the mediastinum 
to the antenor one, because a much better exposure of the pleural ca\nty is 
gamed by this approach Splitting of the sternum is feasible vhen an antero- 
supenor mediastinal tumor presents directly beneath the sternum m some in- 
stances Endotracheal anesthesia is necessary Most benign tumors of the medi- 
astinum can be shelled out if one locates the proper plane of dissection The 
operative technique must be meticulous mth due legard for the important struc- 
tures in the mediastinum The large veins must be handled v ith great care, for 
they are easilj tom m the dissection This is especially true if considerable roent- 
gen therapy has been employed Because the blood supplj' of a mediastinal tumor 
IS often great, care must be taken to identif3 the vascular trunks supplying the 
tumor, particular]}'’ aberrent arteries arising from the great vessels Tomporai}’’ 
water seal, catheter drainage, is eraplojed for twentv-four to fort3'-eight hours 
The usual postoperative precautions for any thoracotom}' are empIo3'ed to pre- 
vent postoperative pulmonat}^ complications The course after surgeia is mild 
and usuall}’’ the lung expands rapidl} Most of the patients ma}' be dischatged 
in one w eek to ten da} s 

RESUETS 

No deaths occurred in this senes of operated cases m which the cause of death 
could be attnbuted to the operation In one patient death occurred two months 
after operation due to a spoutancous mpture of the esophagus in a case wlierc a 
benign neurofibroma had caused necrosis of the esophageal wall In a case of 
C3'=tic h3groma extruding down fioni the neck to the mediastinum, the ceil 
t3pe was benign It was impossible to remoxe the tumor complete!} Ml other 
cases of benign mediastinal tumors were cured b} the operation In the malig- 
nant cases, recurrence of the tumor was the rule although scieral patients haxo 
been ah\ e for sex eral years followang surgei} The prognosis of these patients 
IS still poor 

SOXniAPY AN'0 COVCLLSIONS 

hlany mediastinal tumors are now being discoxercd by routine roentgen filnu 
of the chest A definite plan of m\ cstigation has been presented for patients with 



IT MOn*? OI ini MIDUSTINUM 


437 


liov^ible {\!rnor^ of ihc incdii'-finuni 'Jin'; is bnccd upon n proper evaluation of 
FMnnltmic pin -cal ‘.ipis, and vpcoalirctl proccduics The specialized proce- 
dures eon«i'-l of \nnous roontfren studies (including the use of planograms and 
contr-si ine<liii), endoscojn , le-t foi specific granuloma, tiial X-ray therapy, 
biops\ of occesFible hmiih nodes, and surgical exploration By means of this 
plan of iincstigilion it is possible to difiercntiatc between benign and malig- 
nant nicfliastinal tumors and other iiilmthoracic lesions in most instances The 
ohnital and roentgen findings of the common tjpes of benign mediastinal tumors 
has been discus^ 

Pince nil benign mediastinal tumors are potentially malignant and X-ray 
therapx IS inefTcitual, surgical rcmocal is dcrmitel\ indicated The golden op- 
portunity for remocal of a me<liastinal tumor is presented ^\hen the lesion 
is di'^crctc and the s\mptoms are absent or minimal 

X-rax therapy is cficctual only for lymphoid tumors In all other malignant 
tumors the chance of cure is x cry poor Therefore, it is the responsibility'^ of eveiy 
physician to urge that the relatively asymptomatic benign mediastinal tumor 
be remoxed before malignant change dex'clops The risk of operation is slight 
and the percentage of cures is high 


suxunio 

T iimora del Medtashrw Discusion del Proccdumcnio Diagnoslico y del Traiamienio 
Qinrurgico a Base dc lo Ob’^cnado cn Cuarenta y Cualro Casos Operados 
Hoy dfa se descubren muclios tumores mediastlnicos por medio de las radio- 
graffas comentes del tdrax Para los enfermos en que existe tal posibihdad, 
presifntase un plan bicn definido de inx cstigacidn, basado en la justipreciacidn 
de los sintomas, signos fisicos y procedimientos especiahzados Los ultimos 
comprenden x'anos cstudios roentgenoldgicos (incluso erapieo de planograffas 
y medios dc contrastc), endoscopia, ensay'o para granuloma especffico, roentgeno- 
terapia tentativa, biopsia de los ganghos hnfiiticos accesibles y exploracidn 
quirurgica Por medio dc cste plan de investigacidn, es posible diferenciar, en la 
may orfa dc los casos, los tumores benignos y”- mahgnos del mediastino y otras 
lesiones mtratordcicas Disciitense los hallazgos cllnicos y radioldgicos en las 
formas mds comunes de los tumores benignos del mediastino 
Visto que todos los tumores mediastfnicos benignos son potencialmente 
mahgnos y que los ray'os X resultan ineficaces, la extirpacibn quiriirgica estd 
netamente indicada El momento dptuno para la excisidn de un tumor del 
mediastino es cuando la lesidn es discreta y no hay sintomas o dstos son mimmos 
Los rayos X s61o surten efecto en los hnfomas En todas las demds neoplasias 
mahgnas, bien pocas son las probabihdades de curacidn, por lo cual, a todos los 
mddicos Ics corresponde la obhgacidn de encarecer la extirpacidn de todo tumor 
mediastinico benigno y lelativamente asintomdtico antes de aparecer alteraciones 
mahgnas El nesgo que entrana la operacidn es leve y el porcentaje de curaciones 
elevado 
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INTHODTTCTION 

The purpose of this investigation was to compare the urinary excretion of 
amino acids of normal males with that of male subjects with moderately ad- 
vanced tuberculosis It was believed that such a study might provide new 
knowledge concerning protein deficiencies in the presence of an infection 

A definite relation has been established between hypoproteinemia and low- 
ered resistance to infection, which is partially explained by Cannon (2) as an 
impaired capacity of animals to produce antibodies after their protein reserves 
had been depleted by artificial means With this in mind, some clinicians (3) 
have given high protein diets to their tuberculous patients It was found that 
the diets apparently increased muscle tone and decreased the period of hospi- 
talization 

In prehmmary ex-periments appreciable differences were found between the 
two groups, but it was considered desirable to repeat the experiments using 
ngidly controlled diets The normal ranges of the urinary ammo acids reported 
previously (4 to 10) have varied rather widely although they have provided a 
reasonable basis for clmical studies (11 to 13) of liver disease, cystinuria, and 
other disorders in which there were marked changes from the normal ammo 
acid output 


EXPEKnrENTAL 

Data are reported m the present paper from experiments with normal male 
subjects maintained on fixed high- and low-protem diets of the caloric value 
The daily food mtake of each subject was adjusted to an amount equivalent to 
1 36 Gm of protem per Kg of body weight on the high-protem diet and to 0 70 
Gm on the low-protein diet The high-protem mtake was the same as that of 
tuberculous patients at The Charles Cook Hastings Home The low-protein m- 
take was selected as that which, it was assumed, would mamtain the subjects 
in nitrogen equilibrium 

Each of the 9 volunteer male subjects was maintained four days on the low- 
protem diet^ and approximately 15 ml of water per Kg of body weight per day 

' From the Chemical Laboratorj’’, University of California, Los Angeles, California, and 
The Charles Cook Hastings Home, Altadena, California 

* Paper 57 For Paper 66 see Camien and Dunn (1) 

* This work was aided by a grant to one of us (M S D ) fiom the John and Mary R 
Markle Foundation 

* The same food, cooked in the laboratory, was eaten at the same time bj all subjects 
in quantities proportional to their body weights 
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Twenty-four-hour urme samples were collected on the third and fourth days 
All samples u ere presented undei toluene and were refrigerated All of the sub- 
jects were moderately active durmg the experiments The same 9 subjects were 

TABLE 1 

Composiltoti of LoiP-protein Diels 


(Gm 

per 70 Kg 

bodi' Height)* 


1 

2 

Bread, vshitef 

75-LD 

Banana 

100-D 

Butter 

30-BLD 

Bread, w hitc 

75 LD 

Cake, uhite uith chocolate { 


Butter 

GO-BLD 

icing 

S7-L 

Cake, uhife with chocolate 


Coffee cake with icing 

70-B 

icing 

S7-L 

Corn, canned 

100-B 

Coffee cake with icing 

70-B 

Cream 

65-BLD 

Cream 

50 BLD 

Hamburger 

32-D 

Doughnut 

50-D 

Ice cream, vamlla 

' 71-L 

Fish, tuna 

46-D 

Lettuce 

10 D 

Ham, de\ eled 

40-L 

Maj onnaisc 

U-D 

Ice cream, vamlla 

71-L 

Orange JuiceJ 

360-B 

Lettuce 

lO-D 

Peaches, canned 

50-D 

Maj onnaisc 

14-D 

Peanut butter 

30-L 

Noodles, canned 

120-D 

Pudding, chocolate 

100-D 

Orange Juice 

3G0 B 

Sugar 

20 BLD 

Sugar 

20 BLD 

Spaghetti with tomato sauce 

220 D 

Tomato Juicof 

200-L 

Tomato juice 

200 L 

1 




3 


Bacon 

10 L 

Jelh 

30 D 

Bread, uhitc 

75-LD 

Lamb chop 

55 D 

Butter 

40-BLD 

Lettuce 

10 D 

Cake, white with chocolate 


Maj onnaisc 

11 D 

icing 

S7-L 

Orange juicef 

3G0 B 

Coffee cake with icing 

70 B 

Pears, canned 

SOD 

Cream 

50'BLU 

Peas, canned 

100 D 

Doughnut 

50-D 

Potato, baked 

100 D 

Eggs, boiled 

50 L 

Sugar 

20 111 D 

Ice cream, -vamlla 

71-L 

Tomato juice 

200 L 


• CofTec, 135 ml at each meal 
B, breakfast L, lunch D, dinner 

150 Gm at L and 25 Gm at D Other foods taken at more than one meal 
dnidcd uniforrah 

J Half taken at 2 30 p m 

maintained similirh on the high-protein diet Tlie composition of the low- 
and higli-protcin diets is gnen in tables I and 2 

The microbiolomcal procedures and techniques were fho-e dc'cnbrd [in vimrU* Tic 
Foiution=! «erc comp'‘n‘^itcd for XHiCl 'is ucii 'is \ iCI I rc' m'i s rrmo^r t L- 

‘The murobiolopcal p-ocedures employed arc described in - p per b% Dunn r' f', 
Pub'ic'-tions in Phvsiologv , linuersitj oi C-Iiiori'i i Pri “ Poa, f, 2^'3 to '*2 » 
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treitmont from the unhj'drolj red urines containing ammo acids (isoleucine, leucine, ly- 
sine, methionine, ^ aline, and threonine) at relativelj low concentrations The mean de- 
Mations from the mean \alucs foi the different levels of samples averaged about 4 per 
cent for most of the assays The microbiological data are given in tables 3 to 5 

RESULOS 

It ma}’’ be seen (table 3) that the total percentages of twelve ammo acids de- 
termined m hydrolysates of representative samples of the high- and low-protem 
diets differed by a factor of approximately 2 4 It is also evident (table 3) that 
the proportions of the ammo acids v ere different m the two diets This uninten- 
tional variation m the quality of the dietary proteins illustrates the need of 

TABLE 2 


Composition of High-protcin Diets 
(Gm per 70 Kg body weight)* 


Bacon 

20 D 

Ice cream, vanilla 

72-L 

Beans, string 

75-L 

Lettuce 

30-LD 

Beef, roast 

GO-L 

Milk, homogemzedH 

960-BLD 

Bread, whitcf 

75 LD 

Orange juice J 

360-B 

Butter j 

20-BLD 

Peaches, canned 

50-L 

Carrots 

20 D 

Pears, canned 

SOD 

Cake, white with icing 

50-D 

Potato, baked 

70-L 

Celery 

20 L 

Soup, chicken noodle canned 

120-D 

Corn flakes 

15-B 

Strawberries, frozen 

30-L 

Cottage cheese 

30-D 

Sugar 

10-BLD 

Crackers 

10 § 

Toast, whole w'heat 

25-B 

Cream 

100-BLD 

Tomato 

40-D 

Eggs, fried 

100-B 




* Coffee, 65 ml each meal 
B, breakfast L, lunch D, dinner 

1 50 Gm at L and 25 Gm at D Other foods taken at more than one meal 
divided uniformly 

f Half taken at 2 30 p ra 
§ Taken at 8 00 p m 
One-fourth taken at 8 00 p m 

dietitians for accurate information on the ammo acid composition of different 
dietary protein sources® 

Both hydrolyzed and unhydrolyzed urine samples were studied in the present 
investigation because of the possibility that results obtained on unhydiolyzed 
samples may be of clinical importance (when compared wuth levels determined 
on unhydrolyzed samples from pathological cases) It is recognized, however, 
that ammo acid values determined mirrobiologically in unhydrolyzed urine do 
not represent values for “free ammo acids” or for any other (at present) defin- 
able entities For convenience, values found for unhydrolyzed urines have been 
reported as “ammo acid” values in the present paper It should be qualified, 

® The diets w ere calculated by Emma J Hollett, dietitian of the Charles Cook Hastings 
Home 
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therefore, that these values (for iiiih5'drol5'zed urine) refer onlj' to resultant 
activities from unknown mixtures of ammo acid complexes and free ammo 
acids Although it is evident that acid h3’’drolysis greatlj’’ reduces the possible 
number of substances which may have variable amino acid actmt3% some com- 
pounds closely related to the ammo acids (perhaps the correspondmg h3'dro\y 
and keto acids) ma3’’ be present, even in h3’’drol3''2ed urme It is important, 
therefore, that anal3d;ical methods of the highest possible specificit3’ be selected 
for the stud3’^ of such samples That the microbiological methods probabl3'^ are 
more specific than the chemical methods which have been applied to urine has 
been pomted out by some workers (15) 


TABLE 3 

Dietary Ammo Acids* 


AMINO AOD 

CM COSSUilED PEE DAY 

PEE CENT OP TOTAL DETERiaVED 

rri? ervT 
DlPPERESCXt 

DietlA 

Diet II 

Diet DX 
(B) 

Diet 11 
(C) 

Arginine 

1 56 

4 24 

4 7 


13 

Aspartic Acid 

4 62 

8 92 

14 0 


-21 

Glutamic Acid 

11 0 

20 7 

33 0 


-21 

Gljcine 

1 36 

4 04 

i 1 

5 0 

22 

Histidine 

0 90 

2 44 

2 7 

3 0 

11 

Isolcucinc 

2 00 

5 76 

6 1 


IS 

Leucine 

3 10 

S SS 

9 4 


17 

Ljsine 

1 92 

7 36 

5 S 


59 

Methionine 

0 SO 

2 20 

2 4 


12 

Phenjlalanine 

1 8-1 

4 CS 

5 G 


4 

Threonine 

1 70 

1 SO 

5 2 

6 0 

15 

Valine 

2 16 

6 21 

6 6 

7 S 

IS 

Total 

32 96 

SO 22 

100 0 

1(K) 0 



* One tenth the qinntitj of each food component (except cofTcc and supar) ron'iiimcd 
daiK per 70 Kg subject as taken, the aliquots T\crc mixed t\ith 300 ml of 12 X HCl and 
the mixture w as refluxed for 20 hours The amino acids a ore determined bx microbiological 
assaj 

t KC) - (B)] X 100/(B) 

The dail3' output (li3drol3zed unnes) of each ammo acid per indiMdunl vas 
nearly constant on two succcssixc da3s for each of the fixed diets (table o) 
The xalues for 12 ammo acids and 9 subjects differed from the means by ap- 
proximateb 5 per cent on the low-protem diet and In approximatcb G per rent 
on the high-protcm diet The comparable x allies for ammo acids in iirilndro- 
hzed urines were each approximatcb 10 per cent (table 1) That the latter 
values were somexxhat larger than the former was not unexpected becatne of 
the probability that the proportions, as well ns the microbiological rctnitics, 
of metabolites in unli3 droU zed urines would be xnriable 

The excretion (li3drol3zed unnes, table o) of each ammo acid bx the different 
indmduals dexnated from the mean x dues b3 9 0 (3 7 to 17 1) per cent on the 
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low -protein diet and by 13 5 (6 3 to 19 6) per cent on the high-protem diet 
Tins degree of inconsistency may indicate a normal variation between adult 
males in the utilization and excretion of ammo acids In geneial, the excretion 
(hydrolyzed urine) of ammo acids on the rigidly controlled high-protem diet 

TABLE 4 


Ammo Acids m Unhydrolyzed Urines Excreted on Low- and High-protein Diets* 
(Values given as mg per 24 hours per 70 Kg body weight) 




LOW PROTEIN DIET 



HIGH PROTEIN DIET 


AlONO ACmt 

Aver 
age of 
MDM 
per 

1 indi 
vidualt 

Range§ 

MeanH 

(A‘) 

MDM 
for (A') 

Aver 
age of 
M D M 
per 
indi 
vidualt 

Ranges 

ii 

1 

D M 
fot(Bi) 

f 

Increase 

of(Bi) 

over 

(A’)ll 

Argimne ! 

per cent 

8 8 

13 to 20 

16 

per cent 

15 7 

per cent 

7 1 

17 to 24 

20 

per cent 

8 0 

per cent 

25 

Cystine 

4 0 

SO to 88 

66 

9 5 

9 7 

174 to 332 

236 

14 6 

258** 

Glutamic Acid 

7 2 

21 to 28 

24 

8 4 

6 5 

16 to 23 

19 

11 8 

21** 

Glycine 

6 8 

527 to 966 

746 

13 0 

10 2 

525 to 1,169 

968 

16 7 

30 

Histidine 

15 0 

44 to 136 ' 

91 

26 3 

5 4 

76 to 212 

145 

17 8 

59 

Lysine 

19 9 

13 to 29 

21 

21 8 

26 9 1 

10 to 43 

27 

40 0 

29 

Phenylalanine 

7 2 

5 to 19 

11 

22 7 

7 2 

7 to 14 

11 

16 2 

0 

Tryptophan 

4 5 

8 to 22 

14 

21 6 

8 2 

13 to 29 i 

20 

17 8 

43 

Tyrosine 

16 0 

11 to 26 

17 

30 6 

10 4 

13 to 27 

22 

IS 4 

29 

Average 

9 9 



18 8 



1 

i 

17 9 

31 


* Summary of data obtained from nine normal males The weight (lbs ) and the age 
(years), respectively, of each subject were 190 26, 185-27, 175-26, 155-26, 155-25, 149-26, 
140 29, 135-20, and 135 26 No correlation was noted between the weights or ages of the 
subjects and their excretions, calculated in mg per 24 hours per 70 Kg body weight 
t Values are omitted for some amino acids which could not be determined with satis- 
factory accuracy Maximum values found for these amino acids were 10 (aspartic acid), 
22 (i3oIeucine),29 (leucine), IS (methionine), 25 (threonine), and 13 (\ aline) 

t The per cent mean deviation from the mean was calculated for each individual’s 
average excretion The values given are the averages of these calculated percentages 
§ Range of average values for nine subjects 
^ Mean of average values for nine subjects 
(I Calculated as [(B') - (A>)] X 100/(A) 

** Omitted in calculating the average 

employed m the present experiments was not markedly different or more con- 
stant than that found by Woodson cl al (7) for 18 subjects (13 males) on usual 
dietaiy regimens 

The excretion (unhydrolyzed urines, table 4) of each ammo acid by the differ- 
ent individuals deviated from the mean values for 7 amino acids by 18 8 (8 4 
to 30 o) per cent on the low -protein diet and by 17 9 (8 0 to 40 0) per cent on 
the high-protem diet That these deviations are greater than those found for 
the conespondmg lij’-drob^zed samples may be explained by differences between 
the subjects m their metabolism, yielding unlike proportions or types of bound 
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amino acids. Such dissimilarities would result in different apparent activities 
(determined before hydrolysis) even though the amounts of amino acids ex- 
creted (determined after hydrolysis) were much more constant. 

It may be noted that the excretion (unhydrolyzed urines) of amino acids (ex- 
cluding cystine and glutamic acid) averaged 30 (0 to 59) per cent greater on the 
high-protein than on the low-protein diet (table 4). Similarly the excretion 
(hydrolyzed urines) of amino acids (table 5) was 15 (5.0 to 31) per cent greater 
on the high-protein than on the low-protein diet. It is of interest, also, that 
the amino acids excreted either on the low-protein or the high-protein diet were 

TABLE 5 


Amino Acids in Hydrolyzed Urines Excreted on Low- and High-protein Diets* 
(Values given as mg. per 24 hours per 70 Kg. body weight) 




LOW-PHOTEIN DIET 



niGH-PKOTEIN DIET 


amino Aan 

Aver- 
age of 
M.D.M. 
per 
indi- 
vidualf 

Range§ 

MeanH 

(AO 

M.D.M. 
for (AO 

Aver- 
age of 
M.D.M. 

per 

indi- 

vidualt 

Ranges 

Meanll 

(BO 

M.D.M. 
for (BO 

Increase 
of (BO 
over 

(AOI 

Arginine 

per tent 

3.3 

17 to 23 

20 

per cent 

7.9 

per cent 

4.8 

19 to 24 

21 

Per cent 

6.3 

per cent 

5.0 

Aspartic Acid . . . 

5.9 

101 to 126 

114 

5.3 

8.2 

103 to 166 

135 

11.0 

18.0 

Glutamic Acid . . 

5.8 

234 to 369 

297 

17.4 


251 to 393 

320 

13.1 

7.7 

Glycine 

7.1 

501 to 812 

648 

12.4 


393 to 921 

690 

16.4 

6.5 

Histidine 

6.7 

82 to 156 

124 

7.5 


92 to 203 

162 

14.1 

31.0 

Isoleucine 

3.8 

12 to 15 

13 

3.7 

6.7 

10 to 20 

14 

16.5 

7.7 

Leucine 

4.7 

18 to 20 

19 

4.1 


17 to 26 

21 

: 12.4 

11.0 

Lysine 

6.1 

37 to 49 

42 

7.9 


43 to 67 

51 

13.4 

21.0 

Methionine 

4.8 

8 to 13 

11 

12.4 

9.4 

9 to 15 

12 

15.4 

9.1 

Phenylalanine. . . 

i 3.6 

; 14 to 20 

16 

11.4 

4.0 

16 to 24 

20 

11.2 

25.0 

Threonine 

5.0 

27 to 51 

38 

13.6 

5.7 

35 to 54 

45 

12.9 

18.0 

Valine 

m 

22 to 25 

23 

4.3 

9.2 

21 to 32 

27 

19.6 

17.0 

Average 

5.0 



9.0 

6.2 



13.5 

15.0 


* For Footnotes to table 5, see corresponding footnotes to table 4. 


less than 5 per cent of the amino acids ingested as protein in the food (table 3).'^ 
It may be concluded, therefore, that a large part of the amino acids which are 
available in excess of the need for protein building and other special functions is 
utilized by the body for other purposes or is converted to inactive substances 
before being excreted. 

It may be seen that glutamic acid excretion as determined in unhydrolyzed 
urine was 21 per cent lower on the high-protein diet than on the low-protein 

^ About 10 per cent of ingested DL-methionine is excreted in the urine according to 
Wheeler and Gyorgy (15). Methionine excretion was less than one per cent of that supplied 
by the protein of either diet in the present experiments. This difference seems to support 
the view that the percentage utilization of an amino acid may depend on the ratio of that 
amino acid to other amino acids in the diet (16). 
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diet (table 4) Glutamic acid excretion determined in hydrolyzed urine, how- 
ever, was 7 7 per cent higher on the high-protem diet than on the low-protcm 
diet (table 5) Similaily, phenylalanine excretion determined in unhydrolyzed 
urines (table 4) was the same on both diets, but was 25 per cent higher on the 
high-protein diet as determined in the hydrolyzed urine (table 5) The remain- 
ing ammo acids (tables 4 and 5) were higher (either hydrolyzed or unhydrolyzed 
urines) on the high-protein diet than on the low^-protein diet Howmver, the per- 
centage difference in excretion on the high- and low-protein diets was greater 
for each ammo acid (except phenylalanine) determined in the unhydrolyzed 
urines than in the corresponding hydrolyzed samples These observations indi- 
cate that the proportions and types of excreted amino-acid complexes (m unhy- 
drolyzed urine) may be influenced by diet to a greater extent than the ammo 
acids (in hydrolyzed urme) The fourfold increase in cystine excretion (table 
4) by normal subjects on the high-protem diet suggests that dietary control 
IS essential in clinical studies on the excretion of this ammo acid 

’ SUMMARY 

A total of 15 ammo acids (15 m unhydrolyzed and 12 m hydrolyzed samples) 
have been determined by microbiological methods m 24-hour urines of 9 normal 
male subjects maintained m separate experiments on rigidly controlled low- 
protein and high-protem diets The excretion of (apparent) ammo acids w^as 
more nearly constant m successive 24-hour urines of the same and different in- 
dividuals m the hydrolyzed than m the unhydrolyzed urines The excretion of 
ammo acids (hydrolyzed urines) was only about 15 per cent greater on the high- 
protem than on the low-protein diet even though the ammo acids determined 
m the former diet were about 2 4 times those m the latter The excretion of 
ammo acids (unhydrolyzed urines) averaged about 30 per cent greater on the 
high-protem than on the low-protein diet except for cystine, which increased 
about fourfold, and glutamic acid, which decreased about 21 per cent In gen- 
eral, the amounts of ammo acids excreted on the rigidly controlled high-protem 
diet were not markedly different than those found by earlier wmrkers for sub- 
jects maintained on arbitrary dietary regimens It appears that the ammo 
acid excretion of adult males normallj'- is inconstant although within limits 
w'hich have been reasonably well defined m the experiments of the present as 
well as of earlier investigators 

SUMARIO 

Excrccion Unnana dc Acidos Amimcos en Varones Normales a Dictas Rtcas y 

Pobres en Protelna, Comprobadas 

Un total de 15 ammo-dcidos (15 en muestras sm hidrohzar y 12 en las hidro- 
lizadas) fu6 determmado con t6cnicas microbioldgicas en las ormas dc 21 horas 
de 9 Aarones normales, mantenidos en experimentos mdepcndientes a dietas 
ricas y pobies en protelna, rlgidamente comprobadas La excrccidn dc dcidos 
amimcos (aparentes) fu6 mds cuasiconstante en las ormas sucesnas de 24 horas 
do los mismos y de distmtos mdividuos en las muestras hidrolizadas que en las 
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Bin hidrolizar. La excrecidn amino-dcida (orinas hidrolizadas) fud sdlo aproxi- 
madamente 15 por ciento mayor con la dieta rica que con la pobre en, protelna, 
aunqiie los dcidos aminicos determinados con la primera representaron unas 2.4 
veces los de la liltima. La excrecidn amino-dcida (muestras sin hidrolizar) pro- 
medid aproximadamente 30 por ciento mds con la dieta rica que con la dieta 
pobre en protelna, salvo por la cistina, que aumentd casi el cuddruple, y el 
dcido glutdmico, que disminuyd aproximadamente 21 por ciento. En general, las 
cantidades de dcidos aminicos excretados con la dieta rica en proteina, rigida- 
mente comprobada, no discreparon mayor cosa de las observadas por investiga- 
dores anteriores en sujetos mantenidos con rdgimenes dietdticos arbitrarios. 
Segdn parece, la excrecidn de dcidos aminados de los varones adultos es normal- 
mente inconstante, aunque dentro de ciertos limites bastante bien definidos en 
estos, asi como en anteriores, experimentos. 

Acknowledgment 

The authors are indebted to E. M. Diskant, W. Drell, W. H. Florsheim, C. E. Johnson, 
J. R. D. McCormick, R. B. Merrifield, and P. J. Reiner, who served as volunteer subjects 
in the experiments. 


REFERENCES 

(1) Cauien, M. N., and Dunn, M. S.: The utilization of D-glutamic acid by Lactobacil- 

lus arabinosus 17-5, J. Biol. Chem., 1949 (in press). 

(2) Cannon, P. R., Chase, W. E., and Wissler, R. W.: The relationship of protein- 

reserves to antibody-production: I. The effects of a low-protein diet and of 
plasmapheresis upon the formation of agglutinins, J. Immunol., 1943, 47, 133. 

(3) PoTTENGER, F. M., Jr., AND PoTTENGBR, F. M.: Adequate diet in tuberculosis, Am. 

Rev. Tuberc., 1946, 64, 213. 

(4) Albanese, a. a., and Frankston, J. E.: The estimation of tryptophane in human 

urine, J. Biol. Chem., 1945, 167, 59. 

(5) ScHWBiGERT, B. S., Sauberlich, H. E., and Elvehjem, C. a.: The free tryptophane 

content of human urine. Science, 1945, 102, 275. 

(6) FrankIi, W., and Dunn, M. S.: The apparent concentration of free tryptophan, his- 

tidine, and cystine in normal urine measured microbiologically. Arch. Biochem., 
1947, IS, 93. 

(7) Dunn, M. S., Caaiibn, M. N., Shankman, S., and Block, H.; Urinary excretion of 

twelve amino acids by normal male and female subjects measured microbio- 
logically-. Arch. Biochem., 1947, 13, 207. 

(8) Berg, C. P., and Rohse, W. G.: The tryptophan content of normal urine, J. Biol. 

Chem., 1947, 170, 725. 

(9) Woodson, H. W., Hibr, S. W., Solomon, J. D., and Bergeim, O.: Urinary excretion 

of amino acids by human subjects on normal diets, J. Biol. Chem., 1948, 172, 613. 

(10) Eckhardt, R. D., Cooper, A. M., Faloon, W. W., and Davidson, C. S.: The uri- 

nary excretion of amino acids in man, Trans. New York Acad. Sci., 1948, Ser. 
2, 10, 284. 

(11) Frankl, W., Martin, H., and Dunn, M. S.: The apparent concentration of free 

tryptophan, histidine, and cystine in pathological human urine measured micro- 
biologically, Arch. Biochem., 1947, 13, 103. 

(12) Yeh, H. L., Frankl, W., Dunn, M. S., Parker, P., Hughes, B., and GyOroy, P.: 

Urinary excretion of amino acids by a cystinuric subject. Am. J. M. Sc., 
1947, 214, 507. 



AMINO ACID EXCRETION IN NORMAL SUBJECTS 


447 


(13) Dunn, M S , Akawie, S , Yeh, L H , and Martin, H Urinary excretion of ammo 

acids by liver disease subjects, 1949 (in press) 

(14) DtTNN, M S , Camien, M N , Malin, R B , Murphy, E A , and Reiner, P J 

Percentages of twelve ammo acids m blood, carcass, heart, kidney, liver, muscle, 
and skm of eight animals, U of Calif Press, U of Calif Publications m Physiol , 
1949, S, No 19,293 

(16) Wheeler, J E , and Gy(5egy, P Studies of urinary excretion of methionine by nor- 
mals and by patients having liver disease. Am J M Sc , 1948, BIB, 267 
(16) Cannon, P R Tissue protein synthesis. Federation Proc , 1948, 7, 391 



THE URIHARY EXCRETION OF AMINO ACIDS: II. BY TUBERCU- 
LOUS MALE SUBJECTS ON CONTROLLED LOW- AND HIGH- 

PROTEIN DIETSi 


KATHARINE REMINGTON DUNN, HORACE R. GETZ, MAX S. DUNN, MERRILL 

N. CAMIEN, SHIRLEY AKAWIE, RUTH B. MALIN, and SAJMUEL EIDUSON 
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INTRODUCTION 

The role that protein nutrition plays in the resistance to tuberculosis is not 
yet established. It has been found that serum globulin increases abruptly with 
the onset of the disease (1) and the concentration of albumin drops suddenly in 
far advanced cases of tuberculosis. The albumin concentration seems to be inti- 
mately related to the erythrocyte sedimentation rate (2) which usually becomes 
increasingly higher as the disease progresses. The object of the work reported 
in this paper was to discover the differences and similarities of amino acid ex- 
cretion between two groups on the same protein intake: one group composed of 
tuberculous subjects, the other of normal individuals. The values obtained for 
the normal subjects have been reported in the preceding paper in this series (11). 
The amino acid excretions of the tuberculous patients are tabulated in the pres- 
ent report and comparisons drawn with the results obtained from the normal 
subjects. 

Experimental 

The subjects used in this study were all male tuberculous patients with mod- 
erately advanced disease who were maintained on strict bed rest at The Charles 
Cook Hastings Home. The length of time spent in this hospital at the time of 
the diets ranged between one and eleven months, with an average stay of seven 
months. None of them had been treated by surgical means or streptomycin. 
These factors kept outside influences at a minimum, so that any results ob- 
tained were, as far as possible, the direct result of the diets consumed. 

The diets were exactly the same as those discussed and tabulated in the pre- 
ceding paper (11). In the first half of the experiment, 10 patients were main- 
tained four days on the low-protein diet, consisting of 49 Cm. of protein per 70 
Kg. of body weight daily. The vitamin and mineral levels were adequately main- 
tained'; total calories were 2,500 and the fluid intake was restricted to approxi- 
mately one liter per day. Twenty-four-hour urine samples were collected on the 
fourth day. The same 10 patients were maintained four days on the high-pro- 
tein diet consisting of 95 Cm. of protein per 70 Kg. of body weight in the sec- 
ond half of the experiment. Caloric and fluid intake were kept the .same as in 
the preceding experiment. Twenty-four-hour urine samples were collected on 

• From The Charles Cook Ilastinc-s Home, Altadena, Californi.'s, and (ho Cliemical Lab- 
oratory, University of California, Lea AriKcle-s, California. 

• Four of the patients were receiving supplemcnt.s of vitamins A and C. 
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the fourth day and all samples were preserved under toluene and refrigerated 
The figure of 95 Gm of protein used in the high-protem diet was arbitrarily 
chosen because that is the average amount present in the dailj diet of patients 
m this hospital 

The amino acids were determined by the microbiological procedures described 
m papers (3, 4, and 10) The samples were treated in the same manner as dis- 

TABLE 1 

Amino Acids in Unhydrolyzed Urines from Tuberculous Patients on Low- and 

High-protein Diets* 

(Values given as mg per 24 hours per 70 Kg bodj’- eight) 



LOW PROTEIN DIET 

HIGH PROTEIN DIET 


AMINO AdDf 

Ranges 

Mean^ 

(A*) 

MDM 
for (A>) 

Rangel 

Me anil 
{B«) 

MDM 
for (B>) 

Increase 
of (B*) over 
(A»)ll 

Arginine 

12 to 23 

16 

per cent 

20 6 

10 to 23 

18 

Per cent 

21 1 

per cent 

12 5 

CystmeJ 

202 to 426 

288 

16 5 

203 to 655 

437 

13 0 

51 7** 

Glutamic Acid 

14 to 32 

22 

21 2 

12 to 30 

18 

18 2 

-18 3** 

Glycine 

465 to 850 

688 

18 3 

489 to 1,109 

868 

16 9 

26 2 

Histidine 

92 to 200 

137 

19 3 

105 to 282 

190 

22 2 

38 7 

Lysine 

27 to 99 

50 

29 7 

31 to 165 

70 

45 8 

40 0 

Phenylalanine 

10 to 19 

15 

18 8 1 

12 to 23 

16 

12 7 

6 7 

Tryptophanf 

14 to 30 

19 

18 3 

19 to 31 

23 

11 3 

21 1 

Tyrosinet 

18 to 51 

31 

26 1 

23 to 59 

38 

26 4 

22 6 

Average 

1 


21 0 

1 



20 8 

24 0 


* Summary of data obtained from 10 tuberculous males The weight (lbs ) and age 
(years), respectively, of each subject were 175 24, 159-27, 176-36, 157-20, 178-25, 208-28, 
191-38, 177-21, 169 20, 167-26 

t The following ammo acids ere also determined on all the unhydrolyzed urine samples 
with the following maximum values 71 (aspartic acid), 53 (isoleucine) , 30 (leucine), 22 
(methionine), 38 (threonine), 30 (valine) 

% Cystine, tryptophan and tyrosine were assayed only on unhydrolyzed samples because 
of their partial destruction on acid hydrolysis 

§ Range of average values for 10 tuberculous subjects 
If Mean of average values for 10 tuberculous subjects 
il Calculated as [(B’) - (A=)] X 100/(A’) 

** Omitted m calculating the average 

cussed in the preceding paper The mean deviations from the mean values for 
the different levels of samples averaged between 4 and 5 per cent 

RESULTS 

In making a comparison of the tuberculous and normal subjects, the follow- 
ing points were noted The percentage increase of amino acid excretion resulting 
from the higher protein intake averaged 24 1 per cent® (6 7 to 40 0) on the un- 
hydrolyzed samples of the tuberculous patients (table 1) The percentage m- 

’ Cystine and glutamic acid percentages excluded 
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crease for the normal subjects under the same circumstances averaged 30 0* 
(0 0 to 59 0, table 4, preceding paper (11)) On the hj’-drolj'zed samples, the 
tuberculous subjects averaged 3 1 per cent (—13 5 to 19 4, table 2), vhile the 
normal subjects averaged a 15 0 per cent (5 0 to 31 0, table 5, preceding paper 
(11)) increase in ammo acid output OA'er the low protein diet 
It was found that the glutamic acid excretion of the tuberculous subjects 
was similar to that of the normal subjects m that, although there was a de- 
crease m the per cent excretion on the high-protem diet (—18 3, xmhydrol 3 ’'zed 


TABLE 2 

Ammo Ac/ds m Hydrolyzed Urines from Tuhcrcidous Patients on Low- and 

High-protcm Diets* 


O^alues gnen as mg per 24 hours per 70 Kg bodj weight) 



1017 PfiOTEIN DIET 

HICir PROTEIN DIET 


AMINO ACID 

Ranget 

Meant 

(A<) 


Eauset 

Meant 

(BO 

MDXI 

for(B«) 

Increase 
of (BO over 
(A0§ 

Arginine 

20 to 33 

26 

per uni 

9 0 

24 to 31 

26 

percerj 

5 7 

P'T ceni 

0 0 

Aspartic Acid 

64 to 175 

124 


121 to 157 


6 6 

11 3 

Glutamic Acid 

209 to 514 

32S 


229 to 401 


10 2 

4 0 

Glj cine 

491 to 7S0 

635 


335 to 703 


19 0 

-13 5 

Histidine 

120 to 204 

160 

14 0 

122 to 2SS 

' 191 

15 4 i 

19 4 

Isoleucine 

11 to 20 

14 

14 0 

14 to 17 

! 15 

! 7 2 

7 1 

Leucine 

17 to 32 

21 

14 6 

14 to 23 

19 

12 0 

-9 5 

Ljsme 

42 to 117 

62 

1 21 5 

41 to 127 

69 

26 7 

11 3 

Methionine 

S to 14 

11 

19 2 

S to 14 

11 

17 7 

0 0 

Phenylalanine 

11 to 33 

22 

19 0 

20 to 29 

23 

S 9 

4 5 

Threonine 

34 to 61 

! 46 

15 3 

36 to 65 

49 

16 5 

6 5 

Valine 

17 to 32 

1 

22 

1 

15 0 

16 to 25 

21 

S 4 

-4 5 

Average 



15 6 



12 9 

3 1 


* See Note 1 for table 1 

t Range of average values for 10 tuberculous subjects 
t Mean of average values for 10 tuberculous subjects 
§ Calculated as [(B‘) - (A‘JJ X 100/(A‘) 

samples), this was reversed and the glutamic acid excretion was increased by 
4 0 per cent on the high-protem diet v hen the samples were hj^drolyzed Cys- 
tine had the highest percentage increase of any of the ammo acids vith 51 7 
per cent over the low-protein diet excretion This was much lover, however, 
than the normal subjects, whose cy'stme excretion on the high-protem diet vas 
25S per cent higher Since the cystme output vas so much higher on the lov- 
protem diet of the tuberculous patients (288 mg per 24 hours per 70 Kg ) than 
that of the normal subjects (66 mg per 24 hours per 70 Kg ), it vould seem 
to indicate that the tuberculous patients do not retain this sulfur-containing 
ammo acid as well as the normal subjects, or that they have a greater need for 
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it, possibly because of its combination and subsequent excretion as a detoxify- 
ing agent 

In table 3 is shown the percentage change between the tuberculous and nor- 
mal subjects On the low-protem diet, using the unhydrolyzed samples, cystine 
was found to be increased fourfold by the tuberculous subjects (336 per cent) 
When the high-protem diet was used, the percentage increase was not quite 

TABLE 3 

Differences in Ammo Acid Excretion of Tuberculous and Normal Subjects on Low- and 

High-protein Diets 


(Values given as mg per 24 hours per 70 Kg body weight) 


AMINO ACID 

UNHYDaOLV2ED UMNES 

INCREASE OP 

TB OVER NORM 
SUBJECTS 

HYDROLYZED URINES 

INCREASE OF 

TB OVER NORM 
SUBJECTS 

Norm Subj 

TB Subj 

Low* 
per cent 

Higbt 
per cent 

Norm 

Subj 

TB Subj 

Lowt 

per 

cent 

Higb§ 

per 

cent 

Low 

Mean 

High 

Bi 

Mean 

Low 

A» 

Mean 

High 

B> 

Mean 

Low 

A* 

Mean 

High 

B2 

Mean 

Low 

A* 

Mean 

1 

Arginine 

16 

20 

16 

18 

0 0 

-10 0 

■ 

21 

26 

26 

30 0 

23 8 

Aspartic Acid 

— 

— 

— 

— 

— 

■91 

114 

135 

124 

138 

8 8 

2 2 

Cystine 

66 

236 

288 

437 

336 41[ 

■^1 


— 

— 

— 

— 

— 

Glutamic Acid 

24 

19 

22 

18 

-8 3 


297 

320 

328 

341 

10 4 

6 6 

Glycine 

746 

968 

688 

868 

-7 8 

-10 3 

648 

690 

635 

549 

-2 0 

-20 4 

Histidine 

91 

145 

137 

190 

50 5 

31 0 

124 


160 

191 

29 0 

17 9 

Isoleucine 

— 

— 

— 

— 

— 

— 

13 

14 

14 

15 

7 7 

7 1 

Leucine 

— 

— 

— 

— 

— 

— 

19 

21 

21 

19 

10 5 

-9 5 

Lysine 

21 

27 

50 

70 

138 1 

159 3 


51 

62 

69 

47 6 

35 3 

Metbionine 

— 

— 

— 

— 

— 

— 


12 

11 

11 


-8 3 

Phenylalanine 

11 

11 

15 

16 

36 4 

45 5 


20 

22 

23 

37 5 

15 0 

Threonine 

— 

— 

— 

— 

— 

— 

38 

45 

46 

49 

21 1 

8 9 

Tryptophan 

14 

20 

19 

23 

35 7 

15 0 

— 

— 

— 

— 

— 

— 

Tj rosine 

17 

22 

31 

38 

82 4 

72 7 

— 

— 

— 

— 

— 

— 

Valine 

— 

— 

— 

— 

— 

— 

23 

27 

22 

21 

-4 3 

-22 2 

Average 

40 9 

37 2 


16 4 

4 7 


* Calculated aa [(A*) — (A*)] X 100/ (A*) 
t Calculated as [(B») - (B‘)] X 100/(B>) 
t Calculated as [(A<) - (A")] X 100/(A2) 

§ Calculated as [(B*) - (B^)] X 100/(B*) 

^ Omitted in calculating the average 

twofold (85 2 per cent) The values for lysine showed the next highest percent- 
age increase of tuberculous over normal subjects with 138 per cent on the low- 
protein diet and 159 per cent on the high-protem diet This was reduced to 
47 6 and 35 3 per cent, respectively, however, when the hydrolyzed samples were 
examined 

Although the values for cystine deviated the most strikingly from the normal, 
it IS noteworthy that, on the whole, the excretion of most of the ammo acids was 
increased on both diets by the tuberculous subjects when the unhydrolyzed sam- 
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pies were assayed with an average increase of 40 9 on the low-protem and 37 2 
per cent on the high-protein diet Glutamic acid and glycine v ere the onlj' e\- 
ceptions'* with slight decreases for both of them The amounts of glutamic 
acid found in the hj’-drolyzed samples reversed this trend, but glj cine was still 
slightly decreased m amount 

The a^ erage percentage increase of the amino acids excreted by the tubercu- 
lous patients over the nontuberculous subjects was lowered when the hydrol 3 'zed 
samples were assayed On the low'-protem diet, the a\ erage percentage mcrease 
was 16 4 w'hile on the higher amount it was onlj^ 4 7 per cent The fact that the 
average ammo acid excretion of the tuberculous over the normal subjects was 
persistent, although small, would seem to mdicate some difference in metabolism 
betw^een the twm groups The larger difference when the iinhydrolj’zed samples 
were used might be explamed, as in the precedmg paper (11), where the possi- 
bility that there was a diffeience m the amount of bound ammo acids was set 
forth This difference was lowered when the hydrolyzed samples were used and 
the average 4 7 per cent mcrease of the tuberculous over the normal subjects 
on the high-protem diet is insignificant It is also noteworthj" that, when the 
amounts of the ammo acids excreted by the normal and tuberculous subjects 
were compared, the tuberculous subjects excreted proportionate^ larger amounts 
of ammo acids on the low -protem diet than they did on the high-protem diet 

In drawing a parallel between the two groups of subjects, it might be said 
that there w ere relatively greater differences m ammo acid excretion on a group 
basis than on the amount of protein mgested Woodson ct al (5) also reported 
no significant %ariations m ammo acid excretion, although their subjects were 
on a wade variety of “normal” diets The same obsen ition was made by Yeh 
et al (6), who assaj’^ed the ammo acid excretion of 7 normal females, and found 
a remaikably uniform pattern in spite of dietarj'^ and age differences 

Cj'stmuria w as the most marked deviation found in the tuberculous subjects 
The cystine levels attained bj’’ these patients were as high as those found bj’’ 
several workers investigating the cj'^stme excretion of cj^stinuncs Bodanskj' 
and Bodansky (7) reported levels between 400 and 1,000 mg foi cj'^stinuric sub- 
jects while Yeh ct al found an average excretion of 291 mg per twenty-four 
hours on one patient who w as tested on seven consecutn e daj's In trjnng to 
find a correlation between cj’^stine excretion and the relatn e toxicitj' of the m- 
dmdual tuberculous infections no conclusions could be drawm 

Smce cj^stine is one of the end products of the metabolism of methionine, the 
problem maj' be one mvohang this ammo acid rather than of cjstme alone 
Brand and co-workers (S and 9) found that the cystmuric individual was capable 
of usmg almost completely large amounts of cj stine fed as the free ammo acid 
On the contrarj’", methionine or cj stine, when fed, increased the output of 
cj^stme In an attempt to establish whether the large amount of cj stme present 
m the urme of tuberculous patients was due to detoxification wath cj'stme or 
due to incomplete metabolism of ammo acid sulfur, it was decided to assaj' the 

•* Glj cme \ alucs decreased S 3 per cent on low protein and o 3 per cent on high protein, 
glutamic acid values decreased 7 S per cent on low -protein and 10 3 on high protein diet 
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twenty-four-hour samples from tuberculous subjects for inorganic sulfates, ethe- 
real sulfates, and neutral sulfur before and after giving them e\tia methionine 
The results from this v ork will be reported at a later date 

SUMMARY 

1 Microbiological assaj’s were performed on 24-hour urine specimens from 
10 male subjects vnth moderately advanced tuberculosis for fifteen ammo acids 
(15 on unhj’-drolyzed and 12 on hydrolyzed samples) 

2 The results were compared vith those obtained on 9 normal male subjects 
reported in the preceding paper (11), and the following points nere noted 

(a) The normal patients had an average increase of 30 0 per cent in ammo 
acid excretion due to the high protein diet as compared to a 24 1 per cent in- 
crease by the tuberculous subjects (unhydrolyzed samples) 

(b) On the hydrolyzed samples, the normal subjects increased their ammo 
acid excretion as a result of the high protein diet by 15 0 per cent as compared 
to 3 1 per cent by the tuberculous 

(c) The highest percentage increase (51 7) of any of the ammo acids resulting 
from diet alone was observed for cystine 

(d) The average cystine output of the tuberculous subjects on the low-pro- 
tein diet was 288 mg per 24 hours per 70 Kg of body weight, as compared to 
66 mg by the normal subjects On the high-protem diet, the tuberculous sub- 
jects excreted 437 mg as compared to 236 by the normals This was found to 
be a fourfold mcrease over the normal subjects on the low-protein diet (336 per 
cent) and almost twofold increase on the high protein diet (85 2 per cent) 

(e) Some difference m the metabolism of the other ammo acids between the 
two groups was suggested by the small but persistent average mcrease in ammo 
acid excretion by the tuberculous subiects 

SUMARIO 

Excrecion Unnana de Andos Amimcos por Vnrnnes Tuherculosos con Dieias 

Ricas V Pobres en ProMna 

1 En ejemplares de onna de 24 boras, procedentes de 10 sujetos varones con 
tuberculosis moderadamente avanzada, ejecut^ronse valoraciones microbiold- 
gicas en busca de 15 ammo-dcidos (15 en muestras sm hidrolizar y 12 en las 
hidrohzadas) 

2 A1 comparar el resultado con el obtenido en 9 varones normales, y descrito 
en el trabajo anterior, notdronse los siguientes puntos 

(a) Los sujetos normales mostraron un aumento medio de 30 0 por ciento en 
la excrecidn de amino-acidos, debido a la dieta rica en protelna, comparado con 
24 1 por ciento en los tuberculoses (muestias sm hidrolizar) 

(b) En las muestras hidrohzadas, los sujetos normales aumentaron, por 
virtud de la dieta rica en protefna, su excrecibn de dcidos amimcos en 15 0 por 
ciento, comparado con 3 1 por ciento en los tuberculoses 

(c) De todos los amino-acidos, la cistma fu6 el que mostrd mayor aumento 
porcentario (51 7), por \irtud de la dieta solamente 
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(d) La excrecidn media de cistina por los tuberculoses con el regimen pobre en 
protelna fu4 de 2SS mg en 24 boras por 70 kg de peso del mdividuo, comparado 
con 66 mg en los sujetos noiraales Con el rSgimen rico en protelna, los tubercu- 
loses excretaron 437 mg , comparado con 236 en los normales El aumento en los 
tuberculoses, comparados con los sujetos normales, fu4, pues, cuadruple con el 
rfigunen bajo en protelna (336 por ciento) y casi doble (85 2 por ciento) con el 
rico en protelna 

(e) El pequeno, pero persistente, aumento medio en la excrecidn ammo-dcida 
por los tuberculoses mdica alguna diferencia en el metabolismo de los otros 
dcidos amlnicos por los dos grupos 

Ad nowlcdgmcni 

The authors wish to express their appreciation to Emma J Hollett, dietitian of The 
Charles Cook Hastings Home, for her work in preparing the low- and high-protein diets 
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INTRODUCTION 

Ab a part of a long time study of the role of nutrition m adult tutahty and 
early senescence, the food patterns of active women from 18 to 80 years of age 
have been sampled by workers in this laboratory The dietary practices of these 
women have been described previously (1) For successive age groups, the mean 
caloric intakes were as follows 17 to 25 years, 2,177 calories, 20 to 29 years, 
2,180 calones, 25 to 35 years, 1,953 calories, and 40 to 69 years, 1,658 calories 
Thus women m the North Central region are accustomed to food patterns 
with a quantity of food supplymg 1,700 to 2,200 calories per day This caloric 
intake was necessary to provide 60 Gm of protein daily on self-selected diets 
Among women over forty years of age, there was some evidence that chronic 
ill health accompanied dietary inadequacies, particularly calories and protem 

The question of suitable dietary recommendations for women with active 
and arrested tuberculosis was presented to this laboratory in a request for recom- 
mendations for food subsidies for patients discharged from sanatonums Although 
there has been recogmtion of the difficult feeding problem associated inth the 
tuberculous patient (2), there is httle information in the literature concerning 
the intalce and utilization of food by individuals with tuberculosis Recom- 
mendations of 3,000 calones or more per day (3) exceed the amounts of food which 
moderately active, healthy women eat Since the diet must be planned in terms 
of quantities of food which the patient can and ivill consume, the food intake 
patterns of women with active and arrested tuberculosis have been studied 
The techniques of dietary sun'^ey were comparable to those used in similar studies 
with healthy v omen so that comparison may be made among the three groups 
Information also was obtained concerning the utilization of nitrogen and 
ascorbic acid by some of the subjects of this study 

VLAN OF INVESTIGATION 

A survey of food habits was conducted at the Ingham County’’ sanatonum in 
Michigan, mth women from ages of 18 to 45 There v ere tw o groups of subjects, 
one included 30 nonambulatory patients with minimal or moderately advanced 
active tuberculosis, the second group was made up of 35 women vuth arrested 
tuberculosis vho were former patients of the sanatonum and who attended the 
outpatient clinic at regular intervals Elex en of the v omen vnth arrested luber- 

* From the Foods and Nutrition Department, Michigm Stale College, East Lansing, 
and Ingham Countj Sanatorium, Lansing, Michigan 

’ Authorircd for publication as Journal article No 1005 (n s ) of the Michigan Agricul- 
tural Experiment Station 
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culosis had been readrmssion cases at the sanatonum and the inteival since the 
last discharge vaned from one month to mne years 
Through personal mtemevrs, information -was obtained about the economic 
status and food habits and a senes of seven daily food records was collected from 
each subject The nutritive value of the diets was calculated bj’- the procedure of 
Donelson and Leichsennng (4) and these values were compared with data for 
apparently healthy women as reported bj"- Greenwood (5) 

JO.C 



Fxa 1 Distnbution of calones in the diets of women with ncti\ e and arrested tubercu- 
losis, and of healthy women 


RESULTS 

The calonc intakes for the three groups are given in figure 1 Tlie daily calonc 
intakes for healthy women exceeded those for tuberculous women For the 
health}' women, the peak of distnbution occurred at an intake of 2,000 to 2,199 
calones, whereas for w omen wuth active tuberculosis the peak of distnbution w as 
at an intake of 1,800 to 1,999 calories, and at an intake of 1,600 to 1,799 cal- 
ones for women with arrested tuberculosis Sivtj' per cent of tlie patients with 
arrested tuberculosis had dail}' calonc intakes of less than 1,S00 calones, for 
twenty per cent of the group, the intakes averaged less than 1,400 calones per 
day 
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The intake of food by women wth arrested tuberculosis did not vary quanti- 
tativeb' with the degree of physical activity The factors which did appear to be 
responsible for the limited food intake were fatigue, lack of adequate finances 
for household help as v ell as for food, and lack of appetite For the patients uuth 
active tuberculosis, the factors which were apparently important in limiting food 
intake vere lack of appetite and the desire to control weight 
The protein content of the diets is given m table 1 The proportion of tuber- 
culous v omen inth intakes of protein above 75 Gm was higher than for healthy 
women However, 33 per cent of women ivith arrested tuberculosis and 38 per 
cent of w'omen wnth active tuberculosis had protein intakes less than 62 5 Gm 
There was a positive relationship between the protein and caloric contents of 
the diet For women wafh arrested tuberculosis, the correlation coefficient was 
0 802 and this w as statistically sigmficant 


TABLE 1 

The Protein Inialc of Healthy College Women and Women with Active 
and Arrested Tuberculosis 


PiOTEIS INTAKE TER t)A\ 

1 

HEALTHY 

COLLrCE 

WOMEN WITH TDnEECULOSiS 

WOMEN 

Active 

1 

Arrested 

Below 50 0 Gm 

per cent 

8 

per cent 

10 

per cent 

8 

50 0 to 02 4 Gm 

31 

28 

25 

62 5 to 74 9 Gm 

46 

24 

31 

75 0 to 87 4 Gm 

14 

17 

28 

87 5 Gm and above 

1 

21 

8 


A companson of the distribution and occurrence of certain classes of foods in 
the diets of tuberculous and healthy women is shown m table 2 The patterns 
of food consumption for the three groups iveie similar Twenty-two per cent of 
the women with arrested tuberculosis had less than one cup of miUc daily, whereas 
13 per cent had an intake of three or more cups per day Thirty per cent of the 
arrested cases averaged less than one serving of meat daily and theie was less 
than one serving of citrus fruit daily in the diets of 52 per cent of the women wnth 
arrested tuberculosis 

Since the patterns of food selection by tuberculous women were similar to 
those for healthy women, it appeared probable that a restricted intake of es- 
sential nutrients would parallel the limited calonc intakes Evidence for this in 
respect to the diets of women with arrested tuberculosis is shown in table 3 
The intakes of vanous nutrients were less than the amounts recommended by 
the Food and Nutntion Board of the National Research Council (6) for 76 per 
cent of the women in the case of iron and thiamine, 64 per cent in the case of 
vitamin A, and 45 per cent in respect to ascorbic acid The calcium and nbo- 
flavm intakes were closely related to the protein intake, milk was the important 
source of these nutnents in the diets Limited usage of cereals and meat restneted 
the intakes of thiamine and iron 
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The anafyses of dietanes of women mth active tuberculosis represented the 
selection of food from the diet tra}” b}-- the individual and v ere not an e\ aluation 
of the adequacy of the hospital diet as it was sen ed The upper range of i alues 
given in the preceding tables probably indicates the quantity of nutrients offered 
in the sanatorium diet The differences in intakes for patients eating from the 
same hospital diet demonstrate an important problem in feeding in tuberculosis, 
i e , that the patient must be encouraged and educated to eat quantitative!}" the 


TABLE 2 

Percentage Distribution of Tuberculous and Healthy Women According to Occurrence of 

Certain Foods in Diet 


rooD csotrp 

xzTiTDrfi or rnfES EAxrs rzs. jvzek 

0 

1 to 3 

4 to 6 

7 to 13 

14 to 20 

21 or more 


per cent 

per cent 

per cen( 

per cent 

per cert 

per cent 

Jililk 







Women, arrested tuber- 







culosis 

3 

3 

16 

32 

32 

13 

Women, active tuberculosis 



10 

14 

52 

24 

Women, health}" 

3 

10 

16 

39 

29 

3 

Green and Yellow Vegetables 







Women, arrested tuber- 

i 






culosis 

i 

i 

26 

68 

3 

3 

Women, active tuberculosis 


3 

24 

66 

7 


Women, healthy 

1 

9 

31 

54 

5 


Citrus Fruits 



1 


1 


Women, arrested tuber- 

j 






culosis 

6 

23 

23 

48 



Women, active tuberculosis 


' 14 

17 

59 

10 


Women, healthy 

2 

18 

37 

41 

2 


Meat 







Women, arrested tuber- 







culosis 



30 

61 

6 

3 

Women, active tuberculosis 


3 

3 

62 

32 


Women, healthy 


2 

12 

82 

5 



food that IS pro\nded for him If good dietarj- habits are de\ eloped dunng the 
sanatonum stay, these habits ma} continue after the disease is arrested 

The food intake patterns for tuberculous v omen v luch ha\ e been presented 
reflect the dietaiy habits of the group Metabolic data also are necessarj", hov- 
e\er, for e\ aluation of the quantitatue nutntional requirements Data were 
obtained concerning the utilization of mtrogen and of ascorbic acid by w omen 
from the group studied in the suney 

Nitrogen retentions oj tuberculous uomen Si\ w omen wrth moderate!} ad\ anced, 
actue, afebnle tuberculosis whose sputum contained tubercle bacilli were sub- 
jects for mtrogen balance studies for a period of fifteen weeks There were five, 
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Ee^ cn-da> bnhnre ])cnods, cnch preceded bj n period of fourteen days for dietary 
adjustment The protein content of the usual hospital diet \\as\aiicd by adjust- 
ment of the milk intake of the diflcrcnl penods Weighed food consumption 


TABLE 3 

The Cctlau’i, Iron, Proietn, and t'lfrttnin Content* of Diets of SS Tfomcn 
inth Arrested Tuberculosis 


'TTRirKT 

MnfllF* IKDimVAtB 

Cilcium 


0 8 Cm and abov c 

19 

0 5 to 0 Cm 

8 

Loss than 0 5 Gm 

G 

Riboflavin 


1 o mg and above 

21 

1 0 to 1 49 mg 

7 

Loss than 1 0 mg 

5 

Protein 


CO Gm and above 

23 

50 to 59 Gm 

7 

Loss than 50 Gm 

3 

Iron 


12 mg and above 

7 

9 to 11 9 mg 

' 9 

Less than 9 mg 

Thiamine 


1 1 mg and above 

8 

0 8 to 1 09 mg 

16 

Loss than 0 S mg 

10 

Ascorbic Acid 


70 mg and abov c 

18 

45 to 09 mg 

8 

Less than 45 mg 

7 

Vitamin A 

12 

6,000 I U and above 

3,500 to 4,999 I U 

8 

Loss than 3,500 I U 

13 


* Determined by calculation 


records were obtained for both the adjustment and balance penods Dunng the 
balance penod, tv eighed samples of food representing an aliquot portion of the 
amount eaten and all fecal and unnary excretions were collected These were 
prepared for analysis according to the procedure of Steams (7), and nitrogen was 
determined by the Kjeldahl method (8) The nitrogen content of beverages and 
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medjcjne v, ere analyzed and these values mcluded m the total nitrogen mtalces 
Prehminarj’^ anal3 ses of the mtrogen content of sputum indicated that there vas 
no appreciable excretion b}"- this path, therefore collections of sputum vere not 
made 

The mean nitrogen retentions at vanous protein intalces are given m table 4 
Thirt}' balances are reported Data for health}' college vomen are also included 
There vere vide individual variations among the data for the tuberculous cases 

TABLE 4 


TheNtlrogen Retcnlions of Hcallhy Women and Women with Active and Arrested Tuhercnlosts, 
Averages for Seven-day Balance Periods 


C^OVT ' 

KUM 
BEK OF< 
BM.- 
ANCES i 

N-ITSOOES INTAKE 

irtAs 

TROTTIN* 

INTAKE 

KEAN NTTROGEN 
KETENTION 

NVM 
BEE IN 
S*EGA- 
TIVT 
BAL 
ANCE 

Range 


1 


Cm /24 trs 

Cm /24 >rt 

Gm /Z4 hs 

Cm JZ4 krs 


I Women with 

2 

6 00 to 7 99 

7 06 ± 0 51t 

44 12 

-0 02 dr 1 14t 

1 

active tu- 

13 

8 00 to 9 99 

9 IS db 0 36 

57 38 

0 73 rfc 0 61 

3 

berculosis 

3 

10 00 to 11 99 

10 61 ± 0 47 

66 31 

1 64 dr 0 24 

0 

i 

8 1 

12 00 to 13 99 

12 SO ± 0 31 

SO 00 

1 47 rfc 0 72 

0 


4 

14 00 to 15 99 

14 78 ± 0 3S 

92 3S 

2 16 dr 0 52 

0 

II Women with 

3 

7 00 to 9 99 

8 72 ± 0 72 

54 5 

0 72 rfc 0 60 

1 

arrested tu- 







berculosis 




i 



III Health} 

14 

6 00 to 7 99 

7 11 ± 0 46 

44 44 

Lo 11 dr 0 72 

7 

Women 

10 

S 00 to 9 99 

8 93 dr 0 48 

55 SI 

0 28 rfc 0 77 

! 4 

(a) Ceder- 

4 

10 00 to 11 99 

10 97 dr 0 SS 

68 56 

1 06 rfc 0 55 

0 

quist (11) 

2 

12 00 to 13 99 

13 74 dr 0 23 

S5 SS 

2 13 dr 0 20 

0 


1 

14 00 to 15 99 

15 68 d: 0 00 

98 00 

1 56 rfc 0 00 

0 

(b) McKa}t 

! 17 

1 6 00 to 7 99 

! 7 37 

46 06 

-0 64 

14 

(12) 

45 

S 00 to 9 99 

9 09 

56 81 

0 23 

15 


41 

TO 00 to 11 99 

10 82 

67 62 

1 OS 

5 


14 

12 00 to 13 99 

12 60 

7S 75 

1 40 

0 


6 

14 00 to 17 5S 

15 46 

96 62 

2 74 

0 


* Protein = Nitrogen \ 6 25 
t Mean denation 

} Class intervals combined bi calculation 


as shown bj' the mean denations, however, the mean retentions at different 
intakes closelj paralleled the mean retentions for healthy women There were 
four indniduals in the tuberculous senes with negative nitrogen balance at in- 
takes of G2 5 Gm or less per day The others in this senes were cither at equi- 
Iibnum, or stonng nitrogen abote tins intake The retention of nitrogen was 
increased with intalvC 

From these data, it would appear that the intake of protein necessan' for 
eqmlibnum is little or no higher for the tuberculous women than for the health} 
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indmdual For the tuberculous indnidual, houexei, an intake of protein ade- 
quate for positn e nitrogen balance is desirable An intake of 80 Gm of protein 
^ould appear to be adequate to permit tissue icpan foi women mth a degree of 
tuberculous infection similar to these patients A iccommended intake of SO Gm 
IS practical in terms of cost, diet planning, and appetite limitations 



^eJf selected Pict containing T>\cl containing 

diet ^oogrma 1200 grams 

milk daili{ milk daili( 


Fig 2 The calonc and protein content of diets of tuberculous rvomen with variation 
in milk intake 

When the milk intake was quantitatively increased from 300 Gm of milk 
daily to 1,200 Gm for the subjects on the mtrogen balance study, the average 
calonc intake was increased by 400 calories per day This is shoivn m figure 2 
Although to some extent the patient limited intakes of other foods because of 
additional milk m the diet, the effect of the increased millc was increased calories 
and increased intakes of protein and calcium The average w'eights of the patients 
were constant on the restneted milk intake and there was an average gam of 2 6 
pounds after six weeks on a daily intalce of 1,200 Gm of milk 
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The urinary excretion of ascorbic acid by tuberculous and healthy imncn Low ered 
values for ascorbic acid in the plasma and the unne have been reported for tuber- 
culous patients as compared with healthy mdi\oduals (9, 10) Little attention 
has been directed, however, toward the ascorbic acid nutntion of patients mth 
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The per cent e'^cretions of a test dose of nscorbic ncid b\ tuberculous and healthy 


arrested tuberculosis In this study the unnary excretion of ascorbic acid follow- 
ing a test dose of 400 mg was used as a technique for studnng the utilization of 
ascorbic acid by tuberculous women Twentj -four-hour unne collections were 
made on three successn e days Reduced ascorbic acid w as determined dail> by 
the 2,6 diclilorophenohndophenol method, using a Coleman spectrophotometer 
On the fourth da 3 a test dose of 400 mg of ascorbic acid w ns gn en orallj and the 
ascorbic acid of the follownng 24-hour unne collection was measured The per 
cent of the test dose excreted was calculated from the difference between the 
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evcrction before and after the test dose Data d ere obtained for women with 
arrested tuberculosis and bed patients with active tuberculosis One group of 
patients vath active tuberculosis had received ascorbic acid as a dietary supple- 
ment m amounts of 100 mg or more each day for several months preceding the 
collections Another group of patients wath active tuberculosis had not had 
ascorbic acid other than that piovided by the daily diet In addition, data were 
obtained for senior and graduate women w’ho were free from apparent signs of 
disease and whose chest loentgcnograms revealed no evidence of tuberculosis 
The results are shown by the bar diagram m figure 3 The intalm of ascorbic acid 
was calculated and the value for each individual is given above the correspond- 
ing bar 

The intake of ascorbic acid for the healthy women was from 70 to 125 mg 
and was supplied entirely by the diet From 2G to 81 per cent of the test dose was 
excreted in the unne by this group The per cent excretions of ascorbic acid by 
women with activ e tuberculosis were low' w'herc the diet w'as not supplemented 
For the group which had received ascorbic acid supplements, however, the ex- 
cretions w ere similar to the excretions of healthy college w omen on a self-selected, 
unsupplemented diet 

The intake of ascorbic acid for women with arrested tuberculosis vaned from 
36 to 120 mg per day Six of the women had intalces below the amount recom- 
mended by the Food and Nutntion Board of the National Research Council (9) 
The intakes of the others w ere similar to those for healthy women The per cent 
excretions of the test dose for women with arrested tuberculosis were low Only 
one individual had a per cent excretion watlnn range of the healthy women She 
was a laboratoiy technician at the hoqjital, was active socially, and had ap- 
parently made a good recovery from the disease 

The low values for the other arrested cases indicate that these women w'ere 
receivmg an inadequate amount of ascorbic acid The pattern of excretion did 
not differ greatly from the pattern for women with active tuberculosis on an un- 
supplemented diet The number of total values is small for a survey measurement 
such as the per cent excretion of a test dose The results indicate, however, that 
the disturbed metabolism of ascorbic acid in tuberculosis may continue after 
arrest of the disease and that the ascorbic acid reqmrement may exceed that of 
healthy women 

The findings reported here indicate that the recommendations for feeding 
women patients with tuberculosis need to be directed toward consideration of the 
disease as one which requires a long time for the heahng process to be accom- 
plished As a consequence, it is necessary for the patient to develop food habits 
which wall allow quantitative mtalce of nutnents for the rest of her hfe With the 
exception of ascorbic acid, the evidence of increased food requirements in tuber- 
culosis IS not as staking as the evidence for the necessity to encourage the tuber- 
culous patient to eat the land and amounts of food required by normal women 
Dietary recommendations providing for an intake of 2,000 to 2,200 caJones with 
80 Gm of protein daily appear to be sound from the standpoint of recovery from 
tuberculosis and also from the standpoint of food habits which the subject may 
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be expected to continue for a prolonged penod The lowered total intake of food 
by women with arrested tuberculosis also indicates that a umt of nutntion educa- 
tion should be a part of the rehabihtation program for tins group 

smoiARY 

A sun'ej'’ was made of the food habits of SO w omen wnth active tuberculosis 
and 35 w'omen with arrested tuberculosis and comparisons have been made with 
food intakes of healthy w omen The calonc intakes for w omen wath active tuber- 
culosis vaned from 1,300 to 3,000 calones per da}'' The a\ erage calonc intake 
for the women wnth arrested disease was about 300 calones per da}' less than for 
healthy women or w omen wath active tuberculosis, although the patterns of food 
selection were similar The low ered intake of calories by w omen w ith arrested 
tuberculosis was paralleled by a restricted intake of other nutnents 

Nitrogen retentions were studied for 6 women wath active, afebnle tuber- 
culosis There were five seven-day balance penods for each subject and the pro- 
tein content of the diets was varied by adjustment of the milk intake Mean 
daily nitrogen balances are reported 

The daily unnary excretions of ascorbic acid preceding and followang a test 
dose of 400 mg ascorbic acid were determined for 10 healthy women, 10 women 
\nth arrested tuberculosis, and 10 women with actne tuberculosis The ascorbic 
acid content of the unne was low for both active and arrested cases on their cus- 
tomar}' diets and after the test dose Howeier, ascorbic acid excretions for pa- 
tients with active tuberculosis who had receued dietar}' supplements of 100 to 
300 mg of ascorbic acid per day for at least tw o months w ere similar to those for 
healthy women 


SUMABIO 

Esludios de la Ingestion y Requisites Alnncnitcios dc las Mvjcrcs con Tuberculosis 

Activa y Estacionada 

Tras una encuesta de los hiibitos aliraenticios de 30 mujeres con tuberculosis 
activa y 35 mujeres con tuberculosis estacionada, luci4ronse comparaciones con 
la ingcstidn ahmenticia de mujeres sanas En lo tocante a cilorfas, h ingestidn 
de las mujeres con tuberculosis actn a \an6 de 1,300 a 3,000 al dfa Para las que 
tenfan la enfermedad estacionada, la ingestidn media fu^ de unas 300 caiorfas 
menos, aunque la seleccidn de alimentos se conformd a un patrdn semejante La 
jngestidn menor de calonas por hs mujeres con tuberculosis estacionada so 
reflejd igualmente en la limitada ingcstidn de otros eleracntos nutrientcs 

Estudidse la retencidn de nitrdgeno en G mujeres con tuberculosis afebni, 
actn a, con cinco pcrlodos equilibrados se sietc dlas para cada sujeto, ^ \ an 'mdose 
el contenido de protelna en la dieta por medio del ajuste de la ingestion de leclic 
Presdntanse las cifras dianas raodias de nifrogeno 
La excrecion unnana diaria de acido accdrbico antes } despuds dc una dosis 
de ensa} o de 400 mg do dicho acido fiiC determinada en 10 mujeres «anas 10 
con tuberculosis estacionada } 10 con tuberculosis actn a El contenido unnano 
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do dcido ascdrbico fu6 bajo cn los casos lanto activos cuanto estacionados con la 
dicta dc costumbrc v dcspucs dc la dosis de cnsaj o Sm embaigo, la e\crcci6n del 
4cido cn las cnfcmioras con tubciculosis actn a quc Inbian recibido complementos 
dieli’ticos dc 100 a 300 ing diarios de 'icido ascdibico por lo menos durante dos 
mcscs fu6 scmcjantc a la obser\’ada cn mujcrcs sanas 
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INTRODtTCTIOIv 

It IS proposed in this paper to evaluate the usefulness and the limitations of 
mass roentgenographic sun’^e 3 's of apparently healthy groups of the population 
as an instrument of attack upon the prevalence of tuberculosis m a communit}', 
such as the city of Baltimore Through an anal 3 'sis of a part of the Baltimore 
City experience vnth mass chest radiography, the objects e of this study is to 
ascertam to what extent the procedure has demonstrated pulmonary tuberculo- 
sis and revealed significant epidemiological differences in the pre\ alence of tu- 
berculosis m the various groups, to determine vhat mass radiography Ins con- 
tnbuted to the discover 3 ' of new cases of the disease and prompt pro\ ision for 
their medical care and isolation, and to consider its contribution to disco\er 3 ' 
of cases in the minimal stage of the disease in relation to all other means of case 
notification and discovery available to the health department This study does 
not contemplate an assessment of the educational value of such sun ey s, nor is 
it concerned with the cost of this method of case finding in comparison with 
others 

It has long been recognized that the keynote to effective reduction m the 
prevalence of tuberculosis in any community is early disco\cry, isolation, and 
treatment of indn iduals suffering from active or potentially actn e pulmonary' 
disease Under the conditions of medical piactice and public health administra- 
tion w hich haa e obtained up to recent y ears ca cn in the most ad\ anced commu- 
nities of the United States, progress has been slow in the attainment of this 
objective In New York State, for example, Mikol and Plunkett (1) found that, 
in spite of all efforts to promote earlier diagnosis, the proportion of cases re- 
ported in the minimal stage remained at about 20 per cent from 1921 to 1940, 
and the majority of cases were in the moderately too far advanced stage or 
dead at the time they' came to official attention With the dev clopmcnt of prac- 
tical and comparatively inexpensive techniques of miniature photography of 
the chest image on the fluorescent screen (2), a method became av nilablc which 
gave promise of greatly improv ing this situation It became possible to examine 
cheaply , rapidly', and easily large groups of supposedly' healthy persons and to 
discov'er among them those who were suffenng from disease in its minimal 
stage 

' From the Dcpirtmcnt of Epidcnnolo/n , The Johns Hopkins Univcmlv, School of 
Hjgionc and Public Health, and the Bureau of Tuberculosis, Tlic Ballimoro City Health 
Department, Baltimore, Maryland 

- This report is based on a thesis submitted to the School of Hygiene and Public ITeallh 
of The Johns Hopkins University in conformity with the requirements for the degree of 
Doctor of Public Health 
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During the past decade, the potentialities of “mass radiography” of the chest 
of supposedly healthy persons have been explored extensively m this country 
and abroad and many claims have been put foixvard regardmg the value of this 
procedure It has been stated that it not only increases the proportion of cases 
of tuberculosis which are discovered in the mmimal stage of the disease (3), 
but that it affords an index of measurement of the prevalence of tuberculosis m 
the community as a whole (4) and points out those groups of the population 
which are epidemiologically important (5) In addition, by means of periodic 
re-examinations, it affords an index of mcidence (6) 

Without attempting to review these reports m detail, it suflaces to point out 
that it IS difficult to compare one with another and to judge to what extent these 
claims have been established There are many confusing variables They relate 
to the manner in which the groups are selected for mass radiography and the 
extent of participation of the group members (7), the extent to which reading 
of small films are supplemented by large films (8) the slall and consistency of 
the film reader (9), the extent to which interpretation of the roentgenogram is 
supplemented by follow-up clinical and laboratory mvestigations (10), and, 
finally, to the criteria used m defining and classifjnng “cases” of tuberculosis 
upon which rates and estimates are based (11, 12) While mass radiography of 
the chest undoubtedly has its place in the epidemiologic attack upon tubercu- 
losis, the values and limitations of this procedure have not yet been clearly 
delineated 

Baltimore has faced a grave tuberculosis problem for many years In spite of 
the fact that mortality from tuberculosis has declined steadily in this city dur- 
ing the past few decades, the death rate m 1946, the year of this study, was 
80 3 per 100,000 persons, whereas the national tuberculosis mortality rate for 
the same year was less than 40 Among white persons in Baltimore, the death 
rate was 46 7 per 100,000, among Negro residents, who constituted one-fifth 
of the population and contributed 53 per cent towards the city’s mortahty from 
tuberculosis, the death rate was 218 7 per 100,000 

In an effort to expand its tuberculosis control activities, the Baltimore City 
Health Department began several years ago to explore the use of mass radiog- 
raphy of apparently healthy persons In the summer of 1944, with the assist- 
ance of the United States Public Health Service and the Maryland Tuberculosis 
Association, the Bureau of Tuberculosis obtained the use of a mobile photo- 
fiuorographic unit equipped to take 35 mm films (changed in May 1946 for a 70 
mm unit) This unit has been m continuous operation since then and has been 
transported around the city taking chest roentgenograms of various groups of 
the population By the end of 1947, approximately 155,000 supposedly healthy 
persons had been exammed m 140 groups of the city’s population 

METHOD OF INVESTIGATION 

The material which has been selected for the purposes of this mvestigation is 
derived from the activities of the portable photoroentgen unit in Baltimore 
durmg the year 1946 At the time this study was undertaken, sufficient tune 
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had elapsed to make possible final evaluation of the status of the cases found 
Accordinglj'-, the data for this year could be analj zed not onl}’- as to the results 
of sur\e3'' film readings but followed through to determme those indniduals 
who had active tuberculous disease requiring administrative attention 
During the calendar 5"ear 1946, fifty groups of apparently healtln people were 
examined roentgenographically in the mass sun ey program A total of 48,175 
persons nere examined, roughlj 5 per cent of the estimated total population of 
Baltimore City (930,000) The groups were selected by invitation and solici- 
tation or on the basis of requests bj-- the groups themselves Since the ser\ ice 
vas not compulsor}’-, only those persons who were interested in ha\ mg a chest 
film, or could be persuaded to have one, were examined There was no selection 
with respect to ability to pay as the service was free The groups examined 
vere industrial, office and department store emplo3’’ees, residents of housing 
projects and various communities, and students m the high schools and colleges 
Approximately 80 per cent of the persons v ho \\ ere offered this sen ice at their 
place of emplo3Tuent participated The potential populations of the looseb' de- 
fined “communities” nere not Icnown and the proportion examined undeter- 
minable All but three of the public high schools in the cit3' were included m 
the 1946 surve3's, and one vocational school as veil, nith participation close to 
100 per cent 

Approximateb' tn o-thirds of ail persons examined m 1946 n ere n bite (32,676) 
and one-tlurd vere Negro (15,499) The 2 1 ratio of vhite to Negro partici- 
pants m the sur\ ey program represented a greater proportion of Negroes than 
was found in the general population of Baltimore Citj in nluch only 20 per 
cent of the inhabitants were Negro Of the vlutc people who ncre examined, 

53 5 per cent vere males and 46 5 per cent females, among the Negro partici- 
pants, males constituted 45 3 per cent and females 54 7 per cent The predomi- 
nance of males over females among vlute persons examined and of females 
over males m the Negro group vas due principall3 to differences m sex distribu- 
tion m the schools Sufficient data nere not available to determine ago distnbu- 
tion for the entire group, but participation of children of elementarj’ school age 
and younger was discouraged, and eldcrl3 people did not participate to any 
considerable extent However, despite the policy of discouraging 3 oung persons 
under the age of 15 3 ears from entering into the program, it was found exceed- 
ingly difficult to adhere to this in the housing project and communilv groups 
and in high schools wath lower grade components If the percentage age distribu- 
tion of similar groups surv'03 cd in the first lialf of 194/ is applied to this stud3, 
it appears that approximatelv' onc-sixth of all persons examined rocntgcnographi- 
cally in 1946 were in the age group 10 to 14 3 cars 

HadiOQtaplixc Reading and Classification of Cases 

Interpretations of the small project films and reading- of the follow-up 14 
by 17 films were recorded according to a fixed classification The diagnostic 
categories for miniature film interpretation were ncgUnc, unsitisfactoiy, dcfi- 



APPRAISAL OF MASS RADIOGRAPHT 


4G9 


nite tuberculosis, suspected tuberculosis, or nontuberculous disease Interpre- 
tation of the standard 14 by 17 inch celluloid films ith respect to the diagnosis 
of pulmonary tuberculosis folloi^ed the National Tuberculosis Association’s 
classification for extent of lesion minimal, moderately advanced, and far ad- 
vanced The U S Public Health Ser\ ice classification plus the reader’s judg- 
ment Mere used for designating activitj' of the lesion probably actne, ques- 
tionably active, and probably inactive 

All of the small film interpretations represented the impressions of a single 
examiner, one chest physician vho had read all of the survey films since the 
unit program was initiated The 14 by 17 film readings were the interpretations 
of several examiners, although the large majority of them were initnll} read or 
later review'ed by the same physician who interpreted the microfilms There 
was not the same uniformity of interpretation of the large films because many 
indmduals went to places other than the mobile unit to obtain them When 
14 by 17 films were taken at the city chest clinics, which was a frequent occur- 
rence, the physical and laboratory findings on the clinic history were available 
to the film readei 

A case of tuberculosis found by survey was theoretically defined as one which 
was so diagnosed on the basis of the miniature and standard size films The 
probably active and questionably active groups have, in this inquiry, been con- 
sidered to constitute the group of clinically significant lesions, the group which 
w’ould require treatment or observation The probably' inactn e group is consid- 
ered to bo one which requires only re-examination with a roentgenogram one 
year after the surv cy film 

Final classification and disposition of all indmduals whose microfilms had 
been read as not negative was made after consideration of all available post- 
survey data For each person examined roentgenographically' in 194G, there had 
been a post-sun cy period of obsenation of at least one year and a maximum 
of two y'cars for some of them 

A case of tuberculosis discovered by survey was defined as one which had not 
been pieviously reported, which fulfilled residence requirements, and which had 
been reviewed and accepted by the Director of the Bureau of Tuberculosis as 
exhibiting changes in the lungs of tuberculous ongm Dtscoicrcd cas^s were regis- 
tered and enumerated in the annual morbidity ciatntic’ foi the tilv Tlic evi- 
dence for registration of ca‘-cs which were believed to require treatment or ob- 
serv ition (the “clinicallv significant” cases) w v*; generally ln*cd on hi^lon, 
certain clinical observations, and the roentgenogram and, in add'tion, one o'- 
more of corolhrv dati such as tuberculin reaction, sputum or gistne we-lnng 
examinations, and blood sediment ition rite For those cis^s whnh v < m Ik- 
lieved to require no more than a sincle re eximination vwlh a ro'’.it"r'nngrim 't 
the end of one V e ir, the "prob iblv unctivc' group the cv ah nee for n aAtntion 
w IS almost entirclv loentcenolomcal, t < , the app- i'-'iko on Ibc fdm of pid no i- 
ary tlnngcs which were considered consistent w ith ji'-o. 'P lirdcdtul riu- 
lous process 
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RESULTS OF SURVEY PROCEDURE 

Frequency of Pulmonary Tuberculosis tn the Total Surveyed Population 

Analjsis of the record cards of the 48,175 persons who recened chest roent- 
genograms Ehox\cd that 47,082 had essentially negatne immature films (97 7 
per cent) There were 1,093 persons a\ho had evidence of abnormality of some 
type or had technically unsatisfactory films The project film readings of this 
poup of 1,093 “not negatne” films (2 3 per cent of the total number done) 
M ere as follov, s 


UiiEnli^rnctorv tilma 
iContuberculous pathologj 
Tuberculous patholojij 
Definite tubCTCulo<;is 
Suspected tul>''rculo«is 


60 (0 1 per cent) 
371 (0 S per cent) 
662 (1 4 per cent) 
202 (0 4 per cent) 
460 (1 0 per cent) 


With the screening procedure of miniature filming alone, therefore, it was 
found that appro\imatcU one and one-half per cent of all persons examined 
had definite or suspected c\ idcnce of tuberculosis 

All of the persons whose small films showed definite or suspected tuberculosis 
were acked to return for further examination by means of a full-size film, and 
SO per cent responded Twenty -nine indniduals whoso microfilms had been 
interpreted as allowing definite tuberculosis and G1 persons whose small films 
showed suspected tuberculosis did not return for full-size films In addition to 
this group of “recalls,” roughly onc-tlurd of the persons whose miniature films 
Ii''d shown signs of nontubcrculous pathology were adMsed to ha\e 14 by 17 
films ns it was bchcicd that further roentgenological inicstigation would be 
desirable 

Vltogcther, 753 persons returned for rc-cxamination with 14 by 17 films after 
initu’l miniature film screening Vmong them, 3 IS cases of definite or suspected 
tuberculosis were found, the cqunnlcnt of 0 7 per cent of the total number ra- 
diographed '1 he results of their rc-cxaminations arc presented m table 1 corre- 
lated with the initial project film interpretations If all persons whose microfilms 
had l)ccn read ns “not negatne” had been rc-cxamincd with 14 by 17 film, and 
definite or suspected tuberculosis found in the same ratio as presented m table 
1, the frequence of these findings in the whole survey group would have approxi- 
mate i 0 S per cent 

It m lve=ecn that a second radiological examination reduced the lubcrculo- 
s - finaings b% epproxim^lcly one Iwlf when comp irison is m vdc with the figure 
of I 5 jK*- cent ba'^cd on project film intcrjiretetion*- Had onlv one ndiological 
cx'riT tioi liern made, twite as many ca=c3 of definite or suggestive tubcrculo- 
’ n lid h-’ve Ken n jwrlcd in the m'"=s surveys In view of recent invcstiga- 
t demon'-tr-ting C'-'nt •’Ily equal intrinsic ind extrinsic errors in the intcr- 
p'tt tt'o M f i !m= o' 11 =’zcc (9, 13), it appc'rs that a sreond roentgenological 
tv , , t -n f-d not the re of tht film used in the rc-e\amin ilion, 

' i- to cc V i.'-'h'e rro-Iification of mifal film inlerprcUlion 
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The number of cases of definite iuhercidosts alone {14 hy 17 film readings), ex- 
clusive of suspicious eases, represented 0 6 per cent of all persons examined, and 
the white group (0 7 per cent) and the Negro group (0 5 per cent) were similar 
Approximately two-thirds of the definite tuberculous lesions w'cre found to be 
minimal in extent and onlj'^ one-tliird advanced, a finding that has been almost 
universal in the experience of mass surveys of supposedly healthy individuals 
This ratio was exhibited in both the white and Negro population groups in this 
study. 

Among the 292 cases of definite tuberculosis which w^cre found, the extent and 
probable activitj of the lesions were specified in 272 instances (table 2) Almost 

T\BLD 1 


Corrdalton of Readings of Project Films and Rc examination by 14 by 17 Films, Mass Surveys, 

Baltimore, 10^6 



TSOJtCt TILU imPtESSIOV 

Total 

Unvitit 1 
lactory 1 

Nontuber 

cu^oua 

abnor- 

mality 

Defimtc 

tuberculous 

Suspected 

tubercutosK 

Project films w itli o\ idence of pathology 






or unsatisfactorj 

1,093 

60 

371 

202 ' 

j 

460 

Total retakes on 14 bj 17 films 

755 

16 

167 

173 

399 

14 by 17 film readings 






Essontiallj' negative 

257 

15 


5 

194 

Nontuberculous abnormality 

150 

0 


5 

33 

Definite tuberculosis 

292 

1 


162 

122 

Minimal 

189 

1 


79 

104 

Moderately advanced 

SS 

0 

0 

i 76 

12 

Far advanced 

8 

0 

0 

1 7 

1 

Other tuberculosis 

7 

0 

2 

1 0 

5 

Suspected tuberculosis 

56 

0 

5 

i 1 

50 


one-half w^ere considered clinically significant (0 3 per cent of the total number 
radiographed), and no essential difference was observed between the white 
(0 3 per cent) and Negro (0 2 per cent) groups Approximately one-third of the 
persons found to have minimal lesions were classified as in need of treatment or 
observation These minimal lesions of clinical significance comprised more than 
half of the total number regarded as clinically significant and 23 per cent of all 
the tuberculous lesions found In the combined group of cases read as moder- 
ately advanced and far advanced, nearly two-thirds w'ere diagnosed as m need 
of medical care These moderately advanced and far advanced cases of clinical 
significance constituted almost one-half of the total interpreted as of clinical 
significance and 20 per cent of all the tuberculous cases found 
Most of the differences between white and Negro groups were on the border- 
Ime of statistical sigmficance and may have been the result of certain limiting 
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factors, such as age or the knowledge of race bv the film reader No essential 
sex differences were noted Since the age distribution of the total group sur- 
ve3’'ed was not known, age-specific rates could not be calculated 

Frequency of Pulmonary Tuberculosis tn Conslilucni Groups Sun eyed 

Because the number of apparent!}' health}' persons examined m each of the 
50 groups which constituted the sun eyed population in 194G was too small for 
satisfactory analysis, it appeared advisable to combine comparable groups into 
larger units Seven broad constituent groups emerged composed of mdniduals 
of similar occupation, place of residence, or place of study Race distribution 

table 2 


Classificatton of U by 17 Films Read os ShomnQ Tuhcrctilosts, according to Extent and 
Probable Actuity of Lesion, IBfG 



AIL SAC£S 

•mure 

\OS WniTT 

Sum 

ber 

Ptr cent 

Sum 

ber 

Percent 

Jvum 

her 

Per cent 

Total read as tuberculosis 

202 


215 


77 


Total with probable actnitj of lesion 







specified 

272 

100 0 i 

206 

100 0 

GC 

100 0 

Clmicallj significant 

125 

4C 0 

ss 

42 S 

37 

56 0 

Probablj inactne 

117 

51 0 

ns 

57 2 

29 

14 0 

Minimal 

ISO 

100 0 

' 135 

100 0 

! I'l 

100 0 

Clinicallj significant 

OS 

37 S 

45 

33 3 

23 

51 1 

Probablj inactne 

112 

i 62 2 

90 

CG 7 

22 

4S 9 

Moderatclj advanced and farad\anccd 

91 

100 0 

71 

100 0 

20 

100 0 

Clmicallj significant 

57 

62 C 

43 

60 6 

14 

70 0 

Probablj inactiie 

31 

37 4 

2S 

39 4 

6 

SO 0 


has been presented for these broad groupings, but sex distnbution has not been 
included since the lack of age data in the material a\ailablc for anahsis placed 
serious limitations on the interpretations which could be made from sex data 
alone 

Of the 32,676 white persons who were examined, ono-third were higli school 
or junior high school students Industnal workers, office cmp^o^ccs, and de- 
partment store personnel accounted for another tlurd, and the remaining 30 
per cent was made up of residents of housing projects and \ arious communities 
m the cit}, college students, and miscellaneous smell groups Of the 15, 1*19 
Negro induiduals examined roentgcnographicalh , almost one-half were high 
school or junior high sclioo! students \pproximatcl\ one-third were dmwn from 
housing projects and different communities in the cit} , and onU a email number 
were examined at their place of cmplo}ment 

Comparison among the \anous sur\e\ groups was made with respert to the 
prc\alcncc of “definite tuberculosis” and the frequenc} with which ‘ tliiiicili} 
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Significant tuberculosis” Mas found, as indicated by tbe result of interpretation 
of roentgenograpbic re-e\amination (14 by 17 films), and as shown in tables 3 
and 4 

The percentage of cases of definite tuberadosis found in the various population 
groups ranged fiom 0 1 per cent among high school and junior high school pu- 
pils to 1 2 per cent among office personnel (table 3) The frequency of finding 
definite tuberculosis among industrial workers, office workers, department store 
employees, and residents of various communities was substantially similar and 
approximately 1 0 per cent Examination of residents of housing projects yielded 


TABLE 3 

Dislnhution of Cases of Definite TiihcTculosis (14 by 17 Film Readings) in Mass Surveys in 
Baltimore, 194G, according to Constituent Groups and Races 



TOTAL 

j TITHTE 

1 1 

NOV WHITE 

SUKVEV CROUPS 

Number 

Dcfimtc 

tuberculosis 

I 

Number 

Definite 

tuberculosis 

Number 

Definite 

tuberculosis 


examined 

Num ' 
ber 1 

Per 

cent 

CTammed 

Num ' 
ber 1 

Per 

cent 

examined ; 

Num 

ber 

Per 

cent 

All groups 

48,175 

292 

0 

6 

32,676 

215 

0 7 

16,499 

77 

0 5 

Industrial 

5,094 

57 

B 


3,930 

46 

1 

2 

1,164 

n 

0 9 

Business office 

5,549 

69 

II 


4,565 

57 

1 

2 

984 

19 

1 2 

Department store 

3,839 

38 

1 

0 

3,585 

36 

1 

0 

254 

mm 

0 8 

Housing project 

4,922 

28 

0 

5 

2,147 

12 

0 

6 

2,775 

16 

0 6 

Community 

High School and 

7,152 

63 

0 

9 

4,989 

52 

1 

0 

2,163 

11 

0 5 

Junior High 

School 

17,960 

19 

0 

1 

10,720 

8 

0 

1 

7,240 

9* 

0 1 

College 

1,810 

6 

0 

3 

1,160 

0 

0 


650 

6 

0 9 

Miscellaneous 

1,849 

12 

0 

6 

1,580 

4 

0 

3 

269 

8 

3 0 


* Excludes 2 cases in Chinese 


0 5 per cent of definite cases, probably a reflection of the high proportion of 
children examined 

The findings among wffiites and Negroes were essentially similar for most of 
the groups In community surveys, twice as many cases of definite tuberculosis 
were found among white persons (1 0 per cent) as among Negroes (0 5 per cent), 
a difference that was probably due to age distribution Among college students, 
no cases were found in the white group and 0 9 per cent m the Negro group, the 
incompleteness of participation of the college students and the fact that the 
Negro students were almost all females may have accounted for this disparity 

Tuberculous lesions of clinical significance were found among all of the con- 
stituent groups, except the student groups, with essentially the same frequency 
(0 3 to 0 5 per cent) and no racial differences were observed In table 4 are 
presented the findmgs for each of the groups 
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Nei Contribution to Tuberculosis Case Finding 

To ascertain the full contribution of mass roentgenograpluc sur^’■e 5 's to tuber- 
culosis case finding, it is necessarj' to add to the cases directlj’’ found those 
which were diagnosed as a result of the follow-up investigations initiated by the 
survey findings In addition to the 292 cases of definite tuberculosis found as 
an immediate result of the suia’cys, there w ere 35 cases similarly diagnosed as 
a result of later examinations A total of 327 cases of tuberculosis, therefore, 
was the gross contribution of mass radiograph}’’ in 1946 
To determine the role of mass sur\'’e 5 's in the discovery of neio cases of tuber- 
culosis m Baltimore, the 327 found cases v ere subjected to the requirements for 

TABLE 4 


Disirtbutton of Cases of Clinically Siyntficant Tuberculosis (14 by 17 Film Head ngs) in Masc 
Suncys in Baltimore, 104G, according to Constituent Groups and Races 


SUR\’EY eXODPS 
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0 3 
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ss 
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15,499 

37 

0 2 

Industrial 

5,094 

21 

0 4 

3,930 

19 

19 

l.lCl 


0 1 

Business ofTico 

5,549 

21 

0 4 

4,5G5 

mm 

lU 

9S1 
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Department store 

3,839 

20 

0 5 

3 585 

19 

Ih 

254 
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Housing project 

4,922 

15 

0 3 

2,147 
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Ini 

2,775 

S 
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Communitj 

7,152 

22 

0 3 

: 4,989 

17 

BD 

2,1G3 
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High School and 










Junior High 










School 

17,9G0 

17 

0 1 

10,720 

8 


7,210 

7* 

0 1 

College 

1,810 

3 

0 2 

1,160 

0 


C50 

3 

0 5 

Miscellaneous 

1,819 

G 

0 3 

1,5S0 

3 


2G9 

3 

1 1 


* Excludes 2 cases in Chinese 


registration and the result is shown in tabic 5 Tx\cntj-onc of the cases were 
excluded because the diagnosis of tuberculosis x\as later withdrawn, 20 were 
excluded because of nonresidence in Baltimore Cit\ , and 70 were nlrcadj known 
to the health department The resultant net xaeld of discoxcred cases was 210, 
or 0 4 per cent of the 48, 175 examinees \ppro\imatcl\ one half of the discox - 
cred cases (99) were considered clinicallj significant, 0 2 per cent of the total 
number subjected to roontgcnographic examination 

Minimal lesions formed more thin Ixxo-thirds of all the new cases, but onlj 
one-third of the minimal lesions were considered of clinical significance That is 
to saj, cases of minimal tuberculosis requiring treatment or observation con- 
stituted approximatclx one-fourth of nil discox cred cases Morleratclx ndxanced 
and far adxanccd lesions of clinical significance were discoxered to subslantiallx 
the &ame extent as the chnicall} significant minimal Ic«ions 
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Ratio of “discovered” cases to “all reported” cases In table 6 are sho^vn the 
number and type of cases of pulmonary tubeiculosis discovered by mass sur- 

TABLE 5 


Cases of Definite Titbcrculosts {including Clinically Significant and Inactive) Discovered as a 
Result of Mass Swvcys in Baltimore in 1946, All Races 



TOTAL 


NUMTER 

1 

1 

DISCOVERED CASES 

CLASSinCATIOV 

KUMTlER 

FOUND 

DIAGNOSIS 

REVaSED 

NON 

RESIDENT 

PREVIOUSLY 

REPORTED 

Total 

number 

discovered 

Number 

cbnically 

signiBcnt 

Number 

probably 

active 

All types 

327 

21 

26 

70 

210 

99 

111 

Minimal 

214 

13 

18 

40 

143 

50 

93 

Moderatelj 
ad\ anced 

94 

2 

i 

8 

27 

57 

40 

17 

Far advanced 

10 

1 

0 

2 

7 

6 

1 

Primarj (other) j 

9 

5 1 

0 

1 

3 

3 

0 


TABLE 6 


Ratio of Cases Discovered by Survey to all Reported Cases of Pulmonary Tuberculosis in 

Baltimore in the Year 1946 


CLASSIFICATION OF LESIONS 

TOTAL 
KDil 
DER RF 
PORTED 

NUU 
PER OF 
TOTAL 
RE 

PORTED 
B\ SUR 
VEYS 

PER 

CENT 

OP 

TOTAL 

RE 

PORTED 
BY SUR 
VEYS 

WHITE 

NON WmTE 

Num 
ber re 
ported 

Num 
ber of 
total 
re 

ported 
bj sur 
veys 

Per 
cent of 
total 
re 

ported 
by sur 
Ne>s 

Num 
ber re 
ported 

Num 
ber of 
total 
re 

ported 
bv «;ur 
veys 

Per- 
cent of 
total 
re 

ported 
by sur- 
veys 

All cases w ith extent of lesion 










classified 

1,465* 

210 

14 3 

865 

148 

17 1 

600 

60 

10 0 

Minimal All types 

503 

143t 

28 5 

354 

99 

28 0 

149 

43 

29 0 

Active 

202 

50t 

24 7 

135 

25 

18 5 

67 

24 

36 0 

Inactive 

25S 

93 

36 0 

209 

74 

35 4 

49 

19 

39 0 

Pleural effusion 

43 



10 



33 



Moderately and far ad- 










vanced All t>pes 

849 

64t 

7 5 

482 

49 

10 0 

367 

14 

3 8 

Severe primarj lesions 

78 

3 

4 0 

18 



60 

3 

5 0 

Acute miliary or dissemi- 










nated 

35 



11 



24 




* Excludes 3 pulmonarj cases ivith extent of disease and activitj unspecified 
t Includes 1 case in Chinese 


veys m 1946 in relation to the entire year’s morbidity notification from all 
sources 

In Baltimore in 1946, the diagnosis of pulmonary tuberculosis was accepted 
m 1,468 cases, including those discovered by survey Minimal lesions of all 
types comprised 34 per cent of all reported pulmonary cases Minimal lesions 
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designated as active (corresponding to the studj’ classification of clinicalh- 
sigmficant) vere reported in onl}’- 13 S per cent of all ne\\ cases jModemtely 
ad% anced and far advanced cases in all stages of actmty constituted oS per cent 
of all notifications 

The 210 cases discoi ered by mass sun*e3'S contributed 14 3 per cent ton ards 
the total pulmonaiy cases reported 

In the group of active minimal cases, one-fourth (50) of the total number re- 
ported were the product of sun'ej' examinations This represented a contribu- 
tion of IS 5 per cent to the active minimal cases reported in n lute persons and 
more than one-third towards the total number of cases of acti\ e minimal tuber- 
culosis in Negroes Although the jneld of 50 cases of clinicallj significant mini- 
mal tuberculosis from the examination of 48,175 indu iduals appears exceedingly 
small, the reporting of this tj^pe from all other sources in Baltimore vas so 
slight as to make the sunm}' contribution a considerable one 
Advanced cases of all t3'pes vhich were discovered b3' survc3’ formed onl3’ 7 5 
per cent of the 3’'ear’s reported cases m this classification 

It was not possible to thoroughl3'' investigate the disco\ ered cases to deter- 
mine how man3’' of them could have been reported through other channels, had 
these other channels functioned more efficient^' Hoveier, a superficial in\csti' 
gation was made of one-half of the 99 disco\ored cases of clinical significance 
It was found that 5 of the clmicalb' significant discolored cases Mere contacts 
of active or fatal cases known to the health department (3 minimal and 2 mod- 
eratel3' advanced), those cases could haic been found bi methods other than 
sun ey, such as more intensive nursing and clinic follow -up There w ere in addi- 
tion 5 cases wluch were known to hospital dispensaries or prnatc plusicians 
but had nei er been reported to the official agcnc3 Tlicsc cases could liai o been 
known to the health department wathoiit benefit of sun 03 onh if reporting 
63’’ pn\ ate ph3 sicians and general hospitals w ere impro\ cd 
On the basis of these incomplete data, it appears that approximately 10 per 
cent of the discovered eases of clinical significance could liavo been found hv 
improved contact examinations, and 10 per cent were alrcadv under (he ‘juper- 
vnsion of private ph3Sicians or hospitals, altlioiigli unknowai to the hoilth de- 
partment 

It would be of considerable interest to examine the reported cases of rcspira- 
ton, tuberculosis in former 3 oars in Baltimore to determine whether there had 
been a change in the ratio of carlv to adv anced cases Mncc the adv ent of ma^-s 
radiograph}’ of supposedly licaltliv individuals Unfortunatol} , the tuberculosis 
morbulitv statistics before the vear 1913 do not include a dtscnptmn of extent 
and probable activitv of tuberculous lesions V review of the five-vcir pcnwl, 
1913-1947 however, can ofifer some points of interest 
The period 1^113-1917 was one of continuous tuberculosis case finding In 
means of ma=s r'diographv In 1913 the activities of the nulitarv imlmtion 
stations in Bilfimorc were at their height ind all cases of tubcrculo-is found m 
pcia-nns examined for mihtarv sorxico v ere reported to the Bdtimort Cilv 
Health Dopirtmrnt In K'lt, while milit in ex 'miii'’t!on<, v»(rc rontimimg at a 
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good pace, the mobile photoroentgen unit of the Baltimore City Health Depart- 
ment went into operation and by 1945, when leports from the induction stations 
weie diminishing, the results of the mobile unit’s activity weie becoming ap- 
parent 

In 1944, the number of persons examined bj’" the induction centeis plus those 
examined by the mobile unit equalled the number examined for military service 
in 1943 During the subsequent three 3 ’’ears, almost all radiography was done by 
the mobile unit (examinations for military service ceased m October 194G) and 
the number of persons examined m each of the three years was greater than 
during 1943 or 1944 

Nevertheless, the number of reported cases of active minimal tuberculosis, 
which had been high in 1943 and at its peak m 1944, declined sharply after 1944, 
and the ratio of reported active mmimal cases to advanced cases declined m 

TABLE 7 


Ralto of Reported Cases of Aetivc Minimal Tuberculosis to Reported Cases of Advanced 
Tuberculosis, all Types, Baltimore, 1943-1947 



TOTAL 

WHITE 

NON WHITE 

YEAK 

i 

Number | 
minimal 
tubercu 
losis 
acU\e 

Number 
ndv anced 
tubcrcu 
losis all 
t>-pes 

Katio of 
active , 
minimal to 
advanced 
All t>pes 

Number 
mmimal | 
tubercu ] 
losis 
active 

Number 
advanced 
tubercu 
losis 
all types 

Ratio of 
active 
minimal to 
advanced 
All types 

Number 
minimal ! 
tubercu 
losis 
active 

Number ! 
advanced 
tubercu 
losis 
all types 

Ratio of 
active 
minima! to 
advanced 
All types 

1943 

322 

1,070 

0 30 

191 

596 

Hi 

131 

474 

0 28 

1944 

378 

961 

0 39 

242 

542 

Ha 

136 

419 

0 32 

1945 

228 

936 

0 24 

151 

561 

0 27 

77 

375 

0 20 

1946 

202 

849 

0 24 

135 

482 

0 28 

67 

367 

0 18 

1947 

157 

894 

0 IS 

95 

485 

0 19 

62 

409 

0 15 


parallel fashion This is illustrated in table 7 for the wdiite and Negro popula- 
tions of Baltimore During the same five-year period, deaths from pulmonary 
tuberculosis decreased among w^hite residents but Negroes experienced no essen- 
tial change 

It appears that mass radiographj’-, as practiced m Baltimore by the mobile 
unit, did not uncover as many cases of active minimal tuberculosis as did the 
compulsory and complete screening of an adult male group of the population, se- 
lected only wnth respect to age Although large numbers w'ere examined by the 
mobile unit, groups which are generally found to have a high tuberculosis rate, 
such as unemployed and homeless men (who were compelled to be examined by 
the induction stations) , w ere not systematically included , and, on the other hand, 
manj’' children participated and they W'ere found to have very little tuberculosis 

The yield of the mobile unit’s activities in finding active minimal tuberculosis 
appears also to have diminished during the three and one-half years of its opera- 
tion The repetition of surveys of certain groups, four groups in 1946 and almost 
a dozen in 1947, probably diminishes the returns of case finding if the groups are 
fairly stable and those re-examined are the same people 
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Dtspostiion of Discovered Cases of Tuhcrathsts 

Information concerning the provision of medical care for the ncwli discovered 
cases was gathered from the files of the Baltimore City Health Department for 
the ma\imiira post-sunmy obsenation period possible m this inquiry, the 
tventy-four months from January 1946 to December 1947 The absence of 
follov-up data in the health department records did not necessanh mean that 
no further examinations had been made but ratlier that further obsenations 
V ere not knovm to the health department 

TABLE S 


FoUotc-up Obsenations of Cases of Puhnonartj Tuberculosis Discoicrcd tr Ifass Surreys in 
Baltimore in 19iS during a Tiro year Post-sun ey Period 
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Number discovered 
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210 

49 

93 

03 

14S 

25 

“4 

49 

57* 

24 

19 

14 

Number Lav ingsomc 
follow -up 

112 

40 

31 

1 41 

! GS 

IS 

23 

27 

44 

22 

B 

It 

Number having fol- 
low-up 1 vear or 
more 

SO 

32 

2$ 

33 

j 

52 

14 

IS 

20 

37 

IS 


IS 

Number found active 
at anj lime 

32 

C 

3 

21 

13 

1 

2 

10 

17 

6 

1 

11 

Number hospitalized 

32 

13 

o 

15 

12 

4 

1 

7 

17t 

9 


# 

Number of deaths 

4 



4 

I 



I 

2t 


■ 

2 


* Excludes 3 cn50s of primin tuberculosis in Ncprocs and 2 cases of pulnion irj tuber 
culosis in Chinese 

t Excludes 2 esses of primnrj tuberculosis in NeBrocs and 2 cases of pulmonarj tuber- 
culosis in Chinese 

J Excludes 1 cose in Chinese 

Total includes 3 coses of primoro tuberculosis m Ncfroes and 2 eases of pulmonoo 
tuberculosis in Chinese 

A summaiy of the follov-up observations during JU1G-10J7 on the cases of 
tuberculosis discoxcrcd b> the survex method is sliown in table S 

Of the 210 discoxcrcd cases, 9S cases, or 16 percent, vtre not Known to haxc 
had follox’-up cxominstions after sunoj Most of t!ie=c had been onginallj 
classified as inactixc Of the IS clinicalK significant ca^cs v ithout rceordid 
follow-up observations, the rnajoritx vero sxid to be under the care of private 
phvsicians liie onh definite information which could be presumed about c “-i -i 
without knovn subsequent examinations was th'>t thev did not enter a c-na- 
tonum or die of tuberculosis in Maivl'’nd 
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In describing the post-survey condition of the 112 cases who had follow-up 
examinations, certain definitions and assumptions have been made Because of 
lack of uniformity in follou-up data and because of the paucity of cases m cer- 
tain classifications, two broad classifications of condition after survey have been 
set up Aclwc includes all cases so desciibed, all cases showing progression, all 
hospitalized cases for vhom activity status was not Icnown, and all fatal cases 
Inactive includes all findings so described, all examinations which were said to 
shov no change, and all findings which were said to show regression oi dealing 
of lesions (although any change represents activity, the direction m these cases 
was towards improvement and they were, therefore, included with the “favor- 
able” cases) 

Of the 112 cases vhich had some follow-up, there were 31 which were found 
to be active at some time during the post-survey observation period, and in 
almost each case this decision was reached wuthm six months after the survey 
film w as taken 

The infrequenc 3 '' with which minimal lesions diagnosed as clinically significant 
were later found to show evidence of activity is noted In fact, there appears to 
be no noteworthy difference betw'een the proportion of active cases resulting 
from those onginally called chnicallj’^ significant and those initially diagnosed 
as probably inactive However, considermg the fact that the “no follow-up” 
group consisted largely' of cases called mactive, and the “follow-up” group con- 
tained a majoiity of clmically significant cases, the lack of difference might not 
have been so apparent if the “no follow'-up” group could have been mcluded 

The seeming inocuousness in white persons of minimal lesions which appear 
to be roentgenologically clinically significant is quite interesting Only one of 
the 18 clinically sigmficant minimal cases which had follow-up later showed 
signs of activity The proportion was considerably higher among Negroes, but 
even in this group only 5 out of the 22 clmically sigmficant minimal cases m 
Negroes showed evidence of activity 

Hospilahzahon One of the problems frequently mentioned m connection with 
mass radiography programs is the difficulty of providing institutional care for 
the tuberculosis cases which would be uncovered, particularly m areas where 
sanatorium facilities are inadequate, as m the state of Maryland 

The follow'-up records of the cases of tuberculosis found by survey m 1946 
show that 32 of the 210 newly discovered cases and 12 of the 70 previously 
known cases were hospitalized at some time during 1946 and 1947 The addition 
of 44 cases to the sanatorium load of Baltimore City over a period of two years 
does not indicate that survey activities as conducted by the Baltimore City 
Health Department produced a problem of hospitalization of serious propor- 
tions 

One year after survey, two-thirds as many Negroes who had been discovered 
to have lesions requiring treatment or observation had been hospitalized (45 
per cent) as had white persons m similar condition One white person and one 
Negro whose pulmonary lesions were regarded as mactive were hospitalized 
seven to eight months after survey 
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Deallis Ihere were 5 persons found b\ sur\ev to h 1 ^e tuberculosis during 
the year of 194b i\ho succumbed to the disease before the end of 1947 Two of 
the fatal tases were white, 2 were Negro, and one was Chinese All had ad- 
vanced pulmonan disease when first examined Four of the 5 cases were newlj 
discovered, one was already known to the health department 

DISCUSSION AND SUXOIXRY 

This anal 3 ^sis of the experience of the Baltimore Citj Health Department 
with the application of mass radiographj’ to some hft}' groups of the population, 
constituting 48,175 apparently healthy persons, or about 5 per cent of the pop- 
ulation, has rei ealed a net yneld of tuberculosis cases which appears quite mod- 
est in relation to the effort expended From an epidemiological v cw point, the 
efTcctn eness of this part of Baltimore's tuberculosis-control program can be 
measured not by the number of indiiiduals whoso films showed eiidence of 
tuberculous lesions but bj' the number of indniduals who were discmcrcd to 
ha\c lesions which were of clinical significance, requiring medical supcnision 
and care 

In the material which has been analyzed, it is interesting to note the manner 
in which the number of persons classified as having “definite or suspected” 
tuberculosis as a result of the reading of miniature films decreased through suc- 
cessu e steps in the screening process Re-examination by largo film of all those 
who could be persuaded to return (SO per cent) reduced the number from GR2 
to 292 as haMng evidence of definite tuberculosis, and of these only 125 were 
thought to ha\c lesions which were of clinical significance Wien, howeicr, 
these indn iduals were further processed, taking into consideration other clinical 
CMdcnce and eliminating those who were nonresidents or had been pre\iously 
reported, the number of cases remaining which were classified as ha\ing tuber- 
culosis w IS 210, and of these 99 were thought to ha\e an actnc disease process 
Of the 210, the health dcpirtmcnt was successful in following SO for a ^oar or 
more Ihcre w ere only 32 which were found to haie unquestioned tliniial at- 
tnitc , almost all of whom were hospiUilizcd, and 1 of whom died An unknown 
additional number were under pruatc care 

As was stitcd in the introduction, one of the primary objectnes of ina'-s 
rocntgenographic examinations is to increase the proportion of ci'-cs discoccred 
in the minim d stage which arc of clinical significance riie net ^ icld in this re- 
spect was somewhat di^-uppointing Out of 1,4GS cases of pulmon ir\ tuli^'rculn- 
cis which came to official ittontion during the Acar, onh 202 were cl i‘"ifi(d as 
actice minimal, and of till'. 1 vttor number approximately one fourth wire con- 
tributed as a result of suiaex actixity That is to kix. in spitf of con'-uli nhlc 
effort expended in ma^.* suracys, the proportion of new ci*-^^ which wm* di«- 
coccrcd in the "ctne minirai! stage v !>- not m'ferialh increa<-fHl It mix hf* 
that nthc r meager rt-'iiUs ire to Ik. expected, Mncr tlm ‘■ertening pnx i x h“-gina 
xxith a cinolr microfilm ob;crvalion on a vmglc cFa na tuh indixidii 1 V liln 
th it w is ncgalixc on this occ-as’on might haxc Ijcen jio itixc x t rd v < cl s latf r 
Morcoxcr, the ‘•ignific'’nce of minimal le-ions tho ight to l>o ectixc le r ui > of 
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roentgenographic appearance still remains to be elucidated The development of 
better diagnostic techniques than are now available is needed before those 
lesions that are important from the point of view of possible progression can be 
definitely separated from those that aie unimportant and will regress sponta- 
neousty without medical care 

The effort to find population groups which were contributing unusually to 
the tuberculosis problem of the community was unsuccessful In fact, so far as 
could be judged fiom the data available, the frequency of positive findings was 
surprisingly similar in all of the adult groups which were surveyed The only sig- 
nificant differences noted were the lower rates which were found m the school 
groups which were composed largely of adolescents Only crude comparisons 
could be made, however, because age-sex specific rates could not be calculated 
The obvious effect of selection makes the use of prevalence rates obtained in 
these sun’^ey groups unreliable as a basis for estimating the prevalence of the 
disease in the city as a whole 

Whether or not mass roentgenographic examinations of all kinds of groups of 
apparently healthy persons who can be easily and readily assembled should be 
continued remains to be determined One possible modification of policy is to 
concentrate this effort more completely on adult groups living and woikmg in 
the poorer and more ciovded sections of the city, and especially to seek out 
adult Negro groups While the prevalence in the two races is much the same, 
the significance of discovery of cases among Negroes differs from that of similar 
findings among whites since Negroes display the most pronounced tendency 
towards rapid, fatal progression of tuberculous lesions 

It also remains to be detennined whether, in a community where tuberculosis 
IS a major problem, an intensification of the search for new cases among the 
household associates and social and occupational contacts of Icnown open cases 
may not yield a greater return for effort expended A very superficial investiga- 
tion m the course of this study revealed the fact that at least 10 per cent of the 
cases discovered by survey might have come to attention through other chan- 
nels 
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THE SUITABLE DOSE OF TUBERCULTH FOR SINGLE TEST TU- 
BERCULIN TESTING' 

KUANGAUVN LIU, IISIEN CIIIII KU, and PHILIP T Y CH’IU 
(Rcccued for publicilion Januirj'- 3, 1910) 

INTRODUCTION 

Tuberculin has long been used in tuo doses for testing purposes and those 
^^ho do not react to the second dose are considered to bo uninfected with the 
tubercle bacillus Recently, evidence has been shown by those working m tlus 
field that there are a cry hkel}’ some factors causing nonspecific reaction when a 
too large dose of tuberculin is used This hypothesis of nonspecific reaction is 
supported by Furcolow , Hew ell, Nelson, and Palmer’s well planned experiment 
(1) in which they found that the dose five times the first dose (1 T U -) used m 
the traditional tno-dose tuberculin testing is sufficient for all purposes of diag- 
nosing tuberculous infection, and nonspecific reactions are liable to be elicited 
with larger doses Seibert also holds the same opinion (2) Hsueh and Ch’iu in 
1941 showed that 0 00025 mg of PPD (12 5 T U ) could be safely used for single 
dose testing (3) Apparently European workers are of similar opinion for the 
WHO-ICEF recommendation (4) of the final dose of tuberculm for pre-BCG 
tuberculin testing is to be 10 T U 

The present report deals w ith a comparison of results with 10, 50, 100, and 
250 T U in Chinese children to find out the most suitable dose of tuberculm 
that can be used for single dose testing 


MATERIAL AND METHOD 

As nearly all the people above the age of twenty years of age in this city are 
infected wnth the tubercle bacillus, school children w'ere selected as the test 
population The total number of children tested was 5,512, aged between four 
and sixteen years, students at ten primary schools in the First Health District 
of Peiping The tuberculin used was PPD, a commercial product of Parke, 
Davis and Co It was used according to the manufacturer’s direction without 
further standardization The doses used were as follow's 


0 000,02 mg 
0 000,2 mg 
0 001 mg 
0 002 mg 
0 005 mg 


1 T U 
10 T U 
50 TU 
100 TU 

250 T U all in 0 1 cc solution 


All the children were first tested wnth ITU Those who did not react were 
given a second test with the other four doses injected at one sitting The first 
dose was injected on the middle portion of the flexor surface of the left forearm 

* From the Department of Public Health, Peiping Union Medical College and the Peip- 
ing Tuberculosis Center, Peiping, China 

’ T U = Tuberculin unit 1 T U = 1/100 mg of 0 T , or 0 000,02 mg of PPD 
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The four doses of the second test were injected on the flexor surface of both 
forearms, with 10 and 250 T U on the left and 50 and 100 T U on the right 
The two injections on one arm were made three mches apart The results iiere 
read at the end of forty-eight hours, the criteria being as follows 


Induration Result 

5 to 10 mm -f 

10 to 20 mm 

20 mm and over -f- b 

Ulcer or blister ++-b-l- 


TABLE 1 

Number of Reactors to Various Doses of the Second Test 


SECOND TEST 



lOT XT 

SOTXJ 

100 TU 

250 TU 
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7 



22 

16 

10 

2 


28 

14 

10 

5 


29 

29 

62 1 

7 

29 

15 



44 

11 

31 

6 


48 

14 

30 

11 


55 

25 

15 

28 


6S 

CS 

64 7 

8 

45 

23 

1 


69 

24 

44 

10 


78 

22 

43 

23 



23 

33 

39 


95 

95 

72 7 

9 

61 

16 

2 


77 

33 

44 

12 


89 

32 

59 

25 



16 

38 

45 


99 

liial 

77 8 

10 

56 

23 

3 


82 

32 

KM 

18 


96 

16 

61 

28 


103 

IS 

52 

42 


112 

112 

73 2 

11 

lail 

KW 

4 


92 

Bia 

65 

17 


iTiial 

27 

51 

32 

1 

121 

29 

43 

57 

1 

1 



12 

57 

22 

5 


84 

20 

53 

22 


95 

5 

36 

39 


ES 

9 

36 

55 


1 

IP 


13 

59 

23 
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66 

12 

m 

19 


71 

8 

3 



73 

7 

24 

44 


75 

75 


14 
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3 
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8 

1 

3 
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9 

9 

77 8 

15 

4 
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2 
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2 

1 


1 


2 

4 

— 

16 























Total 

373 

156 

19 


548 

174 

332 

168 


620 

139 

539 

192 

1 

677 

141 : 

254' 

521 

1 

723 

726 3 

■5 S 


Only induration was measured, redness without induration was not considered 
as significant All readings were made wuth extreme care to avoid anj’' possible 
false reaction 


RESULTS 

Of the 5,512 children tested with 1 T U , 2,100 did not react to it These 
nonreactors were further tested with four doses of 10, 50, 100, and 250 T U 
The number of reactors to the various doses are shown m table 1 
Among the 2,941 who received the second test, there were 548, G20, 677, and 
723 who reacted to 10, 50, 100, and 250 T U , respectively If the number of 
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reactors to 250 T U is considered to be 100 per cent of those who would react 
to tuberculin, then the 10, 50, and 100 T U doses are capable of eliciting 75 8, 
85 7, and 93 6 per cent of reactors, respectively 
Since the figures in table 1 only represent the results obtained from the non- 
reactois to the first test, it is more rational, in comparing the results of 10, 50, 
100, and 250 T U , to add the number of reactors to the first test to the numbers 
of reactors in table 1 


TABLE 2 

Accumxilaied Number of Reactors to the Various Doses 


BEACrORS to VARIOUS DOSES 


AGE 

KUM 

BER 

TESTED 

ITU 

10 TU 

SOTU 

100 TU 

2S0TU 

10/250 

TU 

per 

cent 

num 

ber 

per 

cent 

num 

ber 

per 

cent 

num 

ber 

per 

cent 

num 

ber 

per 

cent 

num- 

ber 

per 

cent 

4 

2 

1 



1 

— 

1 



1 

— 

1 





5 

39 

10 

— 

13 

— 

13 

— 

12 

— 

14 

— 

— 

6 

432 

129 

29 9 

147 

34 0 

151 

35 0 

157 

36 2 

158 

36 6 

93 0 

7 

656 

253 

38 6 


42 5 


45 9 


47 0 

321 

48 9 

86 9 

8 

859 

344 

40 0 

413 

48 1 


49 2 

434 

50 5 

439 

52 3 

94 1 

9 

734 

352 

48 2 

429 

58 5 

441 

60 1 

452 

61 5 

451 

61 4 

95 1 

10 


434 

50 5 

516 

59 9 


61 5 

537 

62 2 

546 

63 4 

94 5 

11 

778 

429 

55 2 


67 0 

537 

69 0 

550 

70 7 

559 

71 9 

93 1 

12 

599 

371 

61 9 

455 

76 0 

466 

77 8 

466 

77 8 

471 

78 6 

96 5 

13 

405 

253 

62 5 

319 

76 3 

324 

80 0 


SO 5 

328 

81 0 

97 2 

14 

129 

97 

75 2 


SO 6 


81 4 


81 4 

106 

82 2 

98 1 

15 

16 

11 

— 

15 

— 

13 

— 

13 

— 

13 

— 

— 

16 

2 

2 

— 

2 


2 

— 

2 

— 

2 

— 

— 

Total 

5,512 

2,686 

48 9 

3,214 

58 3 



3,363 

61 1 


61 8 

94 3 


From table 2 it is shown that among the 5,512 children tested, 3,214 reacted 
to 10 T U while 3,306, 3,363, and 3,409 reacted to 50, 100, and 250 T U , re- 
spectively, which means that the 10, 50, and 100 T U doses can yield 94 3, 97 0, 
and 98 7 per cent of reactors as compared with the number of reactors to 250 
TU 


DISCUSSION 

In epidemiological work the two-dose tuberculin testing has been found to be 
very inconvenient This inconvenience can be eliminated if a suitable dose of tu- 
berculin can be found which, when used as a single test, can yield enough signifi- 
cant reactors without causing too many severe reactions As it is known that 
the first strength (ITU) used in the two-test tuberculin testing can yield only 
about 50 per cent reactois and a certain number of nonspecific reactions are 
elicited by the traditional second strength (250 T U ), the suitable dose of tu- 
berculin for a single test must he between one and 250 1 U As shown by the 
data in table 2, 10 T U are capable of yielding 94 3 per cent of all reactors to 

































486 


liia, Ku, AND ch’ nr 


250 T U and causing probably no more than 4 6 per cent of severe reactions 
(d — 1 — 1"+) (3) , though 50 and 100 T U can jneld a few more reactors, thej' are 
statistical! nonsignificant and even less desirable when nonspecific reactions 
are taken mto account The diflference between numbers of reactors to 10 and 
250 T U IS so small that it is onlj'' barel}’’ significant, and in tw o-test tuberculin 
testing there will be 50 per cent nonreactors to the first test w ho ha\ e to receive 
a second test of 250 T U (m Denmark 100 T U ) The ai erage amount of tuber- 
culm used on each person w ill be around 125 T U In epidemiological w ork the 
material and time thus saved w ould be quite considerable So it is our opinion 
that 10 T U can be considered as the suitable dose of tuberculm for smgle-dose 
tuberculm testmg 


SUMMARY 

1 An experiment to find out the smtable dose of tuberculin for single-test 
tuberculin testing was made m a test population consisting of 5,512 primary 
school children between four and sixteen j^ears of age 

2 Ten T U of tuberculm (PPD tablets) w ere found to be capable of jneld- 
mg 94 3 per cent of all possible reactors to 250 T U and can be recommended 
as the suitable dose of tuberculm for single-test tuberculm testing 

SUMARIO 

La Dosis Adecuada de Tvberculina para la Comprobacion con Reaccion Umca 

1 Este experimento tenia por objeto descubrir la dosis adecuada para la 
comprobacidn con tubercuhna en una sola reaccidn 

2 La poblacidn comprobada constaba de 5,512 alumnos de las escuelas pn- 
manas, de 4 a 16 anos de edad 

3 Diez Unidades de Tuberculma resultaron suficientes para descubrir 94 3 por 
ciento de todos los posibles reactores a 250 Unidades de Tuberculma, de modo 
que puede recomendarse esa dosis como adecuada para ima sola comprobacidn 
con tuberculma 
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pected cases, early in 1928 a routine fluoroscopic examination became a part of 
the annual physical examination of ever3’- home office employee A chest roent- 
genogram V as obtained if an employee had suggestive findings b3’’ fluoroscop3% 
significant S 3 Tnptoms, abnormal physical signs, or histoi 3 ’^ of tuberculous contact 
Furthermore, he vas kept under close medical super\nsion which included re- 
peated roentgenograms 

As soon as fluoroscopic examinations were started as a routine procedure, cases 
were detected w hich had roentgenological e\ndence of w'hat once must ha\ e been 
disease of considerable extent and probably tuberculous in character but, upon 
discovery, had the appearance of a w ell-stabihzed process A less familiar t3’’pe of 
lesion w as also discovered, a small circumscribed homogeneous hazy or mottled 
area of an entirety different character than those just described In addition, as 
would be anticipated, lesions of an unquestionably dangerous nature w ere also 
found Even in the beginning it w as believed that any abnormal finding on tlie 
chest roentgenogram should not be dismissed hghtty, but it seemed piobable 
that not ever3'’ person under consideration needed treatment In man3’- instances 
it w as perplexing to Icnow when it was safe to w'ait for the development of further 
evidence and information, and when it w as unsafe to w ait 

During the first few years of routine fluoroscop3’' at the annual examination of 
emplo3'ees, 139 had chest roentgenograms which were classified as appaiently 
ariested tuberculosis (males, 87 , females, 52 ) minimal, 120 , ad\anced, 19 These 
weie found among apparentty health3’- people at work, practically all of wliom 
had been w ith the company since leaving school Nei'ertheless, after close ques- 
tioning and careful examination the examiners were convincd that these in- 
dividuals had not been aware of any serious or prolonged illness and their 
records show ed that the3’’ had not been away from w'ork for an3’- length of time 
Especially noteworthy was the absence of S3'mptoms, physical signs, or positive 
laboratory evidence to account for or to corroborate the fluoroscopic and roent- 
genographic findings The need for new criteiia to determine the correct disposi- 
tion of these cases w'as immediatety apparent As these persons w ere obser\ ed and 
experience increased, it became apparent that some of them had been able to 
resist a tuberculous involvement without being “sick” in the usual sense of the 
word hloreover, some persons whose first roentgenograms showed a small haz3'- 
or mottled area remained well and the lesion cleared rather promptl3" during the 
period of observation, while others, in time, proved to have active progressive 
tuberculosis These obser-\ ations raised the question w hether it might be possible 
to predetermine w Inch cases ultimately w ould do well or badl3 and which needed 
a relativel3' short period of careful observation to determine the trend 

As the case-finding w ork progressed, a routine S3 stem for stud3'ing each indi- 
vidual and recording the findings w as developed and more w as learned about the 
pitfalls in the problem of disposition When a roentgenogram disclosed a lesion 
the empIo3"ee was questioned carefullv about his family and personal histor3’-, 
particularty m regard to the possibilit3- of tuberculous contact A ph3Sical 
examination was made b3' a trained chest specialist, = the sputum, if present, was 

* Dr Ada Chree Reid has earned out the adv isory and superv isorj clinical w ork referred 
to among home office emplojees 
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cxammcd, and during the period of evaluation roentgenograms uere repeated at 
short intervals It vas unusual to find tubercle bacilli since onlj’’ a few persons 
had expectoration and lefinemcnts of examination m geneial use today vere 
unknown or una\ ailable vhen the majoiity of the cases vere detected It was 
soon learned that little diagnostic or prognostic impoitance could be attached to 
fluctuations in body v eight Actne and newly developing lesions were found in 
emploj ees, some of whom w ere gaming and some losing w eight, and such changes 
were disregarded It became apparent, too, that age, sex, weight, absence of 
pin sical signs, negatn e laboratori' reports, and most sjTiiptoms w ere generally 
of little help m determining disposition Consequent!}’’ more and moie reliance 
was placed on roentgenographic findings Experience with emplojees treated at 
the sanatorium at hlount McGregor since 1914 had revealed that patients with 
minimal lesions fared much better from the standpoint of morbidity and mor- 
tahtj' than those w ith ad^ anced disease, but this know ledge w as not particularly 
helpful m itself Some of the lesions w Inch seemed to be w ell stabilized and proved 
to be relatn ely insignificant w ere advanced in extent, and some of the lesions 
which were small upon detection proved to be, or progressed into, actn e tuber- 
culous disease 

After all reports were assembled, a clinical recommendation was made to the 
employee (1) to continue at w ork and follow all normal actn ities during careful 
periodic medical observation and supeiwision, or (2) to continue at work tem- 
porarily while undergoing special studies, usually ivith activity restricted, or 
(S) to enter a hospital or sanatorium immediately 

If sanatorium care w as indicated, it w as available at the company sanatorium 
at hlount hIcGregor without cost to the employee Wliile in the sanatorium 
the emplo3''ee not only recen ed care and treatment, but disability benefits to 
which he w as entitled under his group insurance contract He Icnew too that 
he would be re-employed upon successful completion of cure If sanatorium treat- 
ment did not seem to be indicated at once, the employee continued at w ork 
under medical supervision by Doctor Reid, thus permitting the acquisition of 
further information and the evaluation of all the evidence before malung a final 
decision 

In many cases it w as found difficult to conxunce an employee, his family, or his 
private physician of the necessity for sanatorium treatment or medical super- 
vision when the decision was based largely on roentgenographic findings As a 
matter of fact, the first case of this tjqie admitted to the sanatorium at Mount 
McGregor caused some consternation to the staff because it could not be diag- 
nosed at that time as a case of pulmonarj’- tuberculosis according to the Sana- 
torium Association and National Tuberculosis Association classification, despite 
the fact that no other diagnosis seemed tenable 

It IS w ell Icnow n that an acceptable classification of the extent ® of mvoh ement 
has been available and has been m general use for years But a satisfactory classi- 
fication of the character of the lesion has not been adopted for many reasons, 

* “Extent” of pulmonary lesions (minimal, moderately advanced, far advanced) as 
defined in the Diagnostic Standards and Classification of Tuberculosis of the National 
Tuberculosis Association 
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although physicians caring for tuberculous patients routinely evaluate this fea- 
ture There have been marked differences in appraisal, terminology, and judg- 
ment in interpretation, and attempts to read pathological characteristics and 
imphcations mto the wide variety of densities and shadow patterns have added 

TABLE 1 


Roentgenographtc Classtjicalion and Insurdbtlitg 


CLASSIFICATION OF 
LESION ROENTCENO- 

CRA^ 

EOENTGENOGRAPfftC APPEARANCE 

EECOiQIENT) MIOV 

Inactive 

Extent Any minimal or moder- 
atelj' advanced (N T A ) 
Character Fine or coarse strands, 
small or large calcific densities, 
small opaque areas mth borders 
clearly outlined May be localized 
or scattered No cavtUes present 

Insurable 

Active 

1 Extent Mimmal (N T A ) 

Character Areas of cloudj mot- 
tling or homogeneous densities 
borders hazy or not clearly de- 
fined No suggestion of ca\utj 

Umnsurable 


2 Extent Moderatelj advanced 
(N T A ) 

Character Areas of cloudj mot- 
tling or homogeneous densities, 
borders hazy or not clearly de- 
fined, caxitation not in excess 
of 4 cm in diameter 

Umnsurable 


3 Extent 411 far advanced 

Because of the recognized heavy 


(NT A) 

mortaIit> in the far advanced 
group, all such cases nero 
classed as acti\e, le, unin- 
surable 


to the confusion These and other difficulties have no doubt dela> ed the accept- 
ance and inclusion of the character of a lesion into a useful and v orkable classi- 
fication 

Necessity, however, forced the development of a sjstem of consistent ap- 
praisal of roentgenograms submitted bv applicants for life insurance m vliom 
there v as a question of pulmonary tuberculosis When a person applies for life 
msurance a decision to insure or not to insure must be made, there is no middle 
ground 

Therefore, in 1930 a classification for roentgenograms of the chests of applicants 
for insurance v as adopted and three descriptive categories w ere used (a) average 
healthj' chest, i c , no e^^dcnce of disease, insurable, (b) inactive tuberculosis, 
insurable (table 1) , and (c) acti\ e tuberculosis, umnsurable (table 2) 
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Inevitably there are some films which fall somewhere between the arbitrary 
divisions b and c In such instances, the examiners used their best judgment as to 
whether the appearance seemed to be more or less favorable and made a decision 
as to insurability in each case 

Identification of Evidence of Value in Prognosis 

Although a modus operandi for employees, applicants for employment, and 
apphcants for life insurance, had been developed, the question arose whether it 

TABLE 2 


Description of Lesion, Age, Sex, and Disposition at Diagnosis of Pulmonary Tuberculosis 


SEX 

CHARACTER OF LESION BY ROENTGENOGRAM* 

AGE 

TOTAL 

DISPOSITION 

Continued 
at Work 

Besan to Cure 

Total 

592 

308 

284 

Males 

206 

147 

59 

Inactive 




Under age 35 

32 

25 

7 

Age 35 or over 

68 

67 

1 

Questionably active 




Under age 35 

37 

16 

21 

Age 35 or over 

39 

34 

5 

Active 




Under age 35 

25 

4 

21 

Age 35 or over 

5 

1 

4 

Females 

386 

161 

225 

Inactive 




Under age 25 

35 

17 

18 

Age 25 or over 

69 

60 

9 

Questionably active 




Under age 25 

143 

41 

102 

Age 25 or over 

82 

38 

44 

Active 




Under age 25 

43 

4 

39 

Age 25 or over 

14 

1 

13 


• See Table 6 


was possible to find and identify evidence that would indicate what type of newly 
found lesions would do well or n ould do badly If this v ere possible, it v ould be 
invaluable m the perplexing question of disposition It is believed that this report 
on the analj'sis of the expenence vuth this group of employees and apphcants 
for life insurance gives a v orkable answer 

The clinical program among home office employees was carried out by Dr 
Reid and has been described fully elsewhere (1, 2) The disposition of each case 
was made and carried out in accordance wuth conseri ative clinical judgment 
Some employees continued at w ork, some began to cure, and at a later date a 
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fe^\ died So far this is simplj’- the usual storj' of any large group of tuberculous 
people follow ed for a long period of years 
The importance of the present report, however, is in the relationship between 
the clinical course and outcome, and the classification of the original chest roent- 
genogram Two of the wTiters (J A E and H H F ) independently classified tlie 
initial film wnthout reference to the medical chart and without know ledge of the 
ehnical aspects of the case Theie was an agieement of classification between 
these two examiners of over 90 per cent In all cases of original disagieementa 
conference resulted m a classification b}’- agreement There has been consideiable 
recent discussion and question of the abihty of roentgenologists to agree either 
with themselves or with others on classification, but without entering this dis- 
cussion the writers are reporting their own experience 
After the roentgenograms were classified and after the clinical course was w ell 
estabhshed, the correlations and statistical anal 3 ’’ses w ere made (M G S ) A 
special stud}’’ card was prepared for each case shownng the initial findings, the 
course, and outcome chronologically The changes evident by serial roentgeno- 
graphic examinations, t e , softening or hardening, increase or decrease, or sta- 
bility, were plotted by one of the WTiters (H H F ) The clinical data (w Inch had 
been entered on the medical chart w henever the patient w as seen) were sum- 
marized and transferred to the study card strictl}’ according to rules previousl}’- 
prepared Thus the progress of each mdmdual could be visualized at a glance 
Statistical anab’ses w'ere made of the relationship betw een the various factors 
It cannot be emphasized too strongl}’’ that this compilation and analj-sis of the 
material was made objectivel}’- Judgment concerning the lesions on the roent- 
genogram and selection of the pertinent clinical data w ere not modified b}' hind- 
sight or b}’’ knowledge of the final outcome of the case 
Employee group The empio} ee group is made up of 592 Metropolitan Life 
Insurance Company personnel whose lung lesions were discovered under the 
program of tuberculosis detection and control None had a prenous historj’’ of 
tuberculosis, 99 had had a prenous roentgenographic examination considered 
negative for tuberculosis, and 493 had had no previous roentgenogram of the 
chest After detection, all were under medical supenusion b}’’ Dr A C Reid from 
one to twenty ^mars and had repeated roentgenographic examinations 
The factors studied include character and extent of the initial lesion, phj sical 
signs, sjnnptoms, weight, sex, age, and disposition at time of diagnosis The 
follow-up observations include mteival changes in the roentgenographic appear- 
ance, 1 e , softening or hardening, increase or decrease, orstabihtj , status of the 
emplo 3 'ee, i c , whether at work or able to work, curing, or dead, continued or 
subsequent signs, S 3 Tnptoms, or changes in weight, and surgical procedures for 
tuberculosis 

RESULTS 

In the first anal} ses the material was dmded into fi\ e -3 car age groups and 
subdnided b} sex and roentgenographic classification These groups \ aried so in 
size (from one case to 123 cases) that no x ahd conclusions could be draw n It w as 
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noted, lio\\e\er, that in goncial the youngei people had a poorer outcome than 
the older people Thercfoi e, the matei lal for each se\ was divided into tv o halves 
This lesulted in groupings of males undei age 35, and age 35 or over, at the time 
of the initial roentgenogram, and for females undci age 25, and age 25 or over 
The designation of younger and older gioups m the subsequent discussion is 
used for these dn isions The latio of males to females or the ratio of younger to 
older people has no significance because the age distribution of the employee 
group in vhich these cases vere found docs not conform to a standardized 
population 

Table 2 shovs the distribution of the group at the time of diagnosis by se\, 
age, roentgenographic classification, and disposition Slightly over half of the em- 
plo3 ees continued at v ork after diagnosis and the remainder began to “cure 

TABLE 3 

Siffns or Symptoms at Diagnosis 


aiARACTEE AND EXTENT OT LESION BY SOENTCENOCEAU* 


SIGIeS or SMtTTOUS AT TIME 07 DIAG« 
hOSlS SISCL\ OR IN COMBISATIOV 

i Inactnc 

Questionabl> Acti\e 

Active 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

Total 

204 

100 0 

301 

100 0 

87 

100 0 

No signs or symptoms 


73 0 

183 

60 8 

18 

20 7 

Fatigue 


8 3 

44 

14 6 

25 

28 7 

Cough 


12 8 

58 

19 3 

53 

60 9 

Hcmoptjsis 


1 5 

16 

5 3 

13 

14 9 

“Streaking” 


2 0 

4 

1 3 

6 

6 9 

Chest pain 

11 

5 4 

42 

14 0 

18 

20 7 

Gastrointestinal symptoms 

6 

3 0 

9 

3 0 

— 

— 

Pleurisy vith effusion 

— 

— 

4 

1 3 

2 

2 3 

Moist rales 

1 

0 5 

11 

3 7 

22 

25 3 


• See Table 6 


In each classification a larger percentage of females than males began to “cure,” 
and for both sexes a larger percentage began to “cure” at the younger ages than 
at the older ages 

Symptoms and physical signs at the time of diagnosis are shown in table 3 
Among the males, signs and symptoms were more frequent at the younger ages, 
while among the females age does not seem to be an important factor In the 
whole group about 60 per cent were asymptomatic It is interesting to note that 
20 7 per cent of the “active” cases and 60 8 per cent of the “questionably active” 
cases had no signs or symptoms On the other hand, 3 5 per cent with lesions 
classified “inactive” had hemoptysis or “streaking,” indicating the necessity for 
careful clinical study of all cases Although fatigue and cough occur frequently 
among the tuberculous, it is not believed that their presence is necessarily of much 

* “Cure” meins cessation from work, treatment for tuberculosis, usually at the Company 
sanatorium at Mount McGregor 
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importance in routine survey work These complamts are encountered so fre- 
quently in nontuberculous employees that it is beheved that rheir diagnostic 
sigmficance is doubtful 

Tlie incidence of overweight and underweight in the 592 was about the same 
as in oar v hole home office group 

Bilateral disease was found in 160 males and females but, since the experience 
of these persons proi ed to be similar to those in comparable groups whose lesions 
were umlateral but of the same extent, these cases are not differentiated in the 
tables 

As a fulfillment of the objective of the study, to discover an aid toward dis- 
position and an mdication of the future course and outcome, the recorded ex- 
penence m relation to the "extent onlj’^” (minimal, moderateh’ advanced, far 
advanced) of the disease at the time of detection was not particularly definitn e 
Performance was m general about vhat might have been expected Those em- 
ploi'ees with advanced disease had a more serious health problem than those 
with minimal lesions The advanced cases had more phi-sical signs and sjmptoms, 
were adnsed more frequentlj' to “cure,” had a longer “cure” at the sanatonum, 
and had a higher mortahty “Extent ” alone at the time of detection is not m 
itself of much help as an aid to disposition or medical recommendation 

But when the matenal is classified by a combination of character and extent 
of the disease, a more accurate prognosis can be made It is true that some indi- 
auduals in each group run a course contrarj' to the majontj', but on an average 
the extent together mth character of the lesion aid greatlj* m deciding the dis- 
position of the case and indicate vnth surprising rehabihty the course and ultimate 
outcome The length of ‘ cure,” the repetition of “cures,” and the status on the 
first, fifth, tenth, and fifteenth anniversaries of diagnosis indicate markedly that 
the cases classified by roentgenogram as “inactive” had the lesser problem while 
the cases classified by roentgenogram as “active” had the most senous problem 
The “questionably actn e” cases fell m between 

The length of cure at INIount McGregor was influenced by i arjnng factors o% er 
the years However, those vnth lesions classified as “inactne” “cured” the 
shortest time and none died, those unth “questionably acti\e” lesions “cured” 
longer and 2 9 per cent died, those with lesions classified as “actn e” had, on the 
ai erage, the longest cures and 7 S per cent died 

The expenence in the first j ear of follow-up is depicted in figure 1 The dcS- 
mtion of “satisfactory ” means that the serial roentgenograms rci caled stability 
or improy ement of the lesion, significant signs or symptoms disappeared or vere 
absent, and laboratory tests nere negatn e “Unsatisfactory’” experience includes 
progression of the lesion ns shov n by serial roentgenograms, presence or de- 
yclopment of significant signs or sy-rantoms, or positne Inborntory tests Of 
those y\ho began to “cure,” about SO per cent of the “inactiy e” cases had n satis- 
factory experience compared yyitli a little oyer oO per cent of the “questionably" 
actne ’ and about 25 per cent of the “-’ttiye ” Of those who continued at uork, 
only 7 2 per cent of the “inactn e ’ cases began to “cure” within a y ear compared 
yynth 33 3 per cent of the “questionably actiy c” and 70 0 per cent of the “actn c ” 
These were included in the group haying “unsatisfactory ” experience 
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Of the 592 cases, 505 have been followed for five yeare or more, 377 for ten 
jears or more, and 190 for fifteen jears or moie Their status on their fifth, 
tenth, and fifteenth annn ersaiics of diagnosis and their ]nter\ al history, divided 
b} the character and c\lcnt of the lesion at the time of diagnosis, are shown in 
table 4 

It IS interesting to note after fifteen years of follow-up that in the “inactive” 
group onlj IS S per cent had “cured” once, 10 9 per cent had relapses and none 
had died of tuberculosis In contrast, in the “questionably active” group 45 per 


Characler of lesion 
bij Tt-raij 

INACTIVE (t6B) 


^ACTIVE (US) 


ACTIVE (to) 



UNSATISFACTORY 



CTI SlJrtcd to'cure 
during fho first yrar 


124 


133 3 


M iTboyri - 


BEGAN TO CURE* AT TIME OF DIAGNOSIS 


Characler of lesion 

SATISFACTORY 


INACTm(35) 
^ACTIVE 072) 
ACTIVE (m) 



UNSATISFACTORY 



Fia 1 Evpencnce in first year of follow-up Continued at work at timo of diagnosis 
under medical supers ision 


cent “cured” once, 18 7 per cent had relapses in fifteen years, and 7 7 percentdied 
of tuberculosis, and in the “active” group all “cured” and 17 1 per cent had died 
of tuberculosis The percentage of multiple “cures” in the “active” group tvas 
only 14 3 This apparently low figure was influenced by some very long first 
“cures” and by the high percentage of deaths 
The experience of the “inactive” group wras distinctly more favorable than 
that of the "questionably active” group, and that in turn w’as more favorable 
than that of the “active” group On the fifth, tenth, and fifteenth anniversaries 
of diagnosis, about three-quarters of the “inactixe” group had worked con- 
tinuously as compared with one-quarter of the “questionably active” group, and 
only one per cent of the “active” group In general the experience for the males 








496 


FELLOTTS, EVAXSj AXD STEPHENS 


in each group and at each anniversar3>- was better than for the females, and the 
experience for the older groups u as better than for the 3*ounger groups for both 
sexes 

Hou ever, the expenence of persons over age 40 with “inactu e” lesions calls 
for special comment In the earl3’' 3'ears of the program of continual obsen ation, 
persons over age 40 vuth apparentl3' healed lesions v ere given a roentgonographic 
examination ever3’- three 3'ears It was noticed, however, that it was not un- 
common to find unstable lesions in this older group after 3'ear3 of stabilitA' In 
those da3's it w as more usual to look for active tuberculosis in the 3'ounger group 

TABLE 4 


Status and Inlcnal History at Fifth, Tenth, and Fifteenth Anniversaries of Diagnosis 
According to Character of Lesion by Roentgenogram at Diagnosis 


A^’\^\XSSARV 





AT WOSK 




CULINC 



Character and Extent 
of Lesion b% Roentgeno- 
gram at Diagnosis* ' 

TOTAL 

Has worked 
con 

tinuously 

Has cured 
once 

Has cured 
twice 
or more 

First cure 

Subsequeni 

cure 

(tcbescc 

t LOSIS) 

Vum 

ber 

Per 

cent 

Num 

ber 

Per 

cent 

Xum 

ber 

Per 

cent 

Kura 

ber 

Per 

cent 

Num 

ber 

Per 

cent 

Num 

ber 

- Per 
cent 

Sum 

ber 

Ptr 

cent 

6th Anniacrsarj 















Inactu e 

171 


124 

72 5 

37 

21 7 

5 

2 9 

1 

0 6 

4 

2 3 

— 

— 

Questionably 
nctue j 

255 



24 3 





22 

S 6 

14 

5 5 

7 

2 S 

Actue 1 

1 

79 


1 

1 3 

53 

67 1 

1 



14 

17 7 

3 

1 

3 8 

G 

7 6 

10th Annuersarj 















Inactu 0 

129 

ME 

93 

72 1 

25 

19 4 

7" 

5 4 

1 

0 8 

3 

2 3 

— 


Qucstionablj 

active 

182 

100 0 

44 

24 2 


55 5 

18 

9 9 

1 

0 4 

9 

5 0 

9 

5 0 

Active 

GG 

100 0 

1 

1 5 

49 


2 

3 0 

0 


3 

4 6 

9 

13 6 

15th Annuersarj 















Inactive 

G4 

miim 

45 

70 3 

12 

18 8 

5 

7 8 

— 

— 

2 

3 1 

— 

— 

Qucstionablv 

actue 

91 

H 

2G 

28 6 

41 


16 

17 6 

_ 


1 

1 I 

7 

7 7 

Actue 

35^ 

Bl 

— 

— 

24 

68 Gj 

2 

5 7 

— 

— 

3 

8 6 

G 

17 1 


* See Table G 


although the U S Census statistics indicated that the death rate w as highest for 
males at the older ages and for females at the 3 ounger ages Although the group 
is small (table 5 ), the c\-penence indicates clcarh that “inacti\e,” or apparentl3 
arrested tuberculosis should not be “forgotten" among older people and the 
ncccs5it\ for continued pcnodic re-cxamination of all persons w ith lesions char- 
acteristic of tuberculosis should be emphasized 

Besides the experience with the home office cmplo3Ccs another objeetnc 
check IS a\ ailable on the cfficac\ of this classification and disposition Since 1030 
a deti'-ion has been made on 71G ciiest roentgenograms submitted b\ apjilicants 
for life insurance 1 hose =how ing lesions w ere du idcd into tw 0 groups roentgeno- 
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logically, “active” and “inactive” tuberculosis Since the groups were comparable 
in age distribution, the same percentage of deaths might have been expected m 
each group except for the chest condition as disclosed bj' the roentgenographic 
examination It was found, however, that m the group of 178 classified by roent- 
genogiam as “active” cases, 10 7 per cent had died of tuberculosis within nine 
years compared to 0 4 per cent in the group of 568 classified as “inactive” cases 
The number of deaths from tuberculosis expected among vhite males of the 
United States of comparable age (1931-1940) was 0 7 per cent These results 
have been published m detail elsewhere (3, 4) 

This opportunity with its wide scope and years of follow^-up among employees 
and applicants for life insurance has levealed many aspects of the tuberculosis 
problem not seen generally by phthisiologists After analyzing the results of this 

TABLE 5 

Trends of Serial Roentgenograms during Five-Year Periods 


Employees who had never cured for Tuberculosis 


SEX 

AGE 

TOTAL 

LESION STABLE 

LESION 

BTCOMING 

CALCIFIED 

LESION 
UNSTABLE OR 
PROGRESSIVE 

Males 





40 to 44 

22 

18 

1 

3 

45 to 49 

42 

32 

4 

6 

60 to 54 

48 

42 

2 

4 

65 to 59 

36 

35 

— 

1 

CO to 64 

26 

18 

1 

7 

Females 





40 to 44 

16 

15 

1 

— 

45 to 49 

17 

16 

j 

1 

50 to 54 

15 

15 

— 

— 

65 to 59 

13 

9 

— 

4 


carefully planned long range follow -up it is believed that it is possible to adopt a 
practical program of classification and disposition based upon the original roent- 
genographic examination A satisfactory tuberculosis detection and control 
piogram may be instituted wuth safety for the individual patient if he is follow ed 
up carefully and advantageously for the community w hich can plan to use avail- 
able treatment facilities 

The roentgenographic classification and suggested medical recommendation 
IS shown in table 6 


DISCUSSION 

"Wlien a person wath an abnoimal chest roentgenogram is detected in a rou- 
tine case-finding survey, a recommendation and disposition must be made In 
the majority of instances, conclusive clinical and laboratory' evidence will be 
lacking to assist in this step In the wnters’ expeiience a technically satisfactoi^' 
roentgenogram (in this report “roentgenogram” means a technically satisfac- 
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TABLE 6 

Rocntgenographic Classtjicalton and Medical Recommendation 


CXASSmCATTOV 
OT LESIO** BY 
XOZKTCC.SOCEAU 

IlOrVTCENOCtAPHIC APPEASLANCE 

EECOiDIESDATlO'? 

MEDICAL Acnoy 

Inactive 

Extent Any minimal oi 
borderline moderatelj 
advanced (NT A) 
Character Fine or coarse 
strands, small or large 
calcific densities, small 
opaque areas with 

borders clearly outlined 
Maj be localized oi 
scattered 

r Continue at worli 

r 

i 

1 

1 

: Careful superv ision and pie- 
riodic rocntgenographic 
exanunation throughout 
life 

Questionably 

activoj 

A Extent Extensive min- 
imal or any moder- 
atclj advanced 
(NT A) 

Character Areas have 
general character 

istics described above 
but tending toward 
“softness ” 

B Extent Anj minimal or 
borderline moder- 
atelj advanced 
(N T A ) 

Character Areas of 
cloudj mottling or 
homogeneous densi- 
ties, borders hazj or 
not clearlv defined, 
no suggestion of cav 
itv 

Observ ation as 
soon ns possi- 
ble, preferably 
in a sanatorium 
for about three 
months 

i 1 Careful study including 
serial roentgenograms 
and repeated sputum 
examinations. 

2 Instruction in treatment 
and control of tubercu- 
losis 

3 Individual without evi- 
dence of active tubercu- 
losis may return to work 
under careful superv i 
Sion and periodic roent- 
gcnogrnpliic cxamina 
tion throughout life 

4 Individual with evn 
donee of active tubercu- 
losis to complete “cure " 

Active 

A Extent Far advanced 
(N T V ) 

B Extent Modcratclv ad- 
V anced (N T \ ) 
Character Character 
istics as II B, total 
cavitation must be 
Ic'S than 1 cm 

C New lesion Anv 

shadow regardless of 
extent or character 
developing subse 

quent to a roentgeno 
gram in'erpreted as 
“normal” or "aver 
age ” j 

Admit to hospital 
or sanatorium 
immcdiatclj 

Treat as active tuber- 
culosis and as circum- 
stances indicate 
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ton' 14 bj- 17 celluloid film), interpreted in accordance w itb the classification as 
described, can be used as a basis for preliminary disposition Further study and 
obser\ation Mill modify or confirm the accuracy of the original decision But 
it should be emphasized that there are distinct limitations to the use of roent- 
genography as follow s 

A tuberculous lesion mnj be present and not visible on the film 

A cnviU mnj be present but not \isiblo 

“Hard” lesions may contain areas of definite activity 

A tuberculous lesion may lia\c healed without visible scar 

Small lesions may bo overlooked even bj experienced radiologists 

Group behavior can be forecast accuratelj , but there will bo individual exceptions 

Judgment and experience in interpretation arc variable at present among physicians 

Nevertheless, it is believed that the roentgenogram offers the best single bit 
of evidence m evaluating a case 

The expenence of the roentgenologically "active” and "inactive” groups em- 
phasizes the different behaviors of the extremes Inevitably there is a "question- 
ably active” group of cases which have about an even chance of becoming frankly 
"active” or proving to be “inactive ” \Vliether it is better to treat this inter- 
mediate group as active tuberculosis is an open question concerning which opin- 
ions vary The writers believe that the proposed plan of a relatively short period 
of education and intensive study, during which a more accurate estimation of 
the best procedure to follow can be made, offers a satisfactory solution 
As a result of the observations and expenence in the present study, the writers 
have one unshaken conviction and that is that all cases with lesions which may 
be of tuberculous origin should have medical observation and periodic roent- 
genographic examinations throughout life 

SUMMARY 

1 A technically satisfactory roentgenogram of the chest made in a routine 
case-finding survey can be classified so as to make a reasonably accurate pre- 
liminary disposition and long-range prognosis 

2 All persons whose roentgenograms disclose pulmonary involvement which 
may be tuberculous m character should have medical supervision throughout 
hfe 


SUMARIO T CONCLUSIONES 

Tuberculosis Estudio de la Disposicidn y Observacion Subsiguiente a Base de 
la Naluraleza y Extension de la Lesion Observada en la Radiografia Inicial 

Una radiografia t4cnicamente satisfactona del tdrax, obtenida en una encuesta 
colectiva cornente en busca de cases, puede ser clasificada de modo que permita 
hacer con bastante exactitud una disposicidn prehminar del caso y un prondstico 
a largo plazo 

Todas las personas cuyas radiograflas revelen afeccidn pulmonar que pueda 
ser de naturaleza tuberculosa deben continuar bajo vigilancia mddica toda su 
Vida 
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Mm’IATimE CHEST ROENTGENOGRAMS IN SCHOOLS AND 
INDUSTRIES IN SAN ANTONIO, TEXAS 

P \ PAMPIONV \sd\\ r H\MIL10N' 

(Hcfcivctl for pul>llc^tlon JI, l^'iS) 

ivraoDtcTiON 

As p'lrt of (lie tulxTcuIo'-is proprun, (he 'luhcrculosis Control Di\ision of (ho 
S-n \ntonio CIt^ Hc’Uh Dvinrtmont ^{i\rtc(l n locntpenopraphic Mjr\c> in (he 
schools and indu''trc‘’ loc'i(cd in (he rit\ \t (he tune the sunc} nas started, 
(he photofitionicnphic unit prcmi-ed In the Texas fefnte Depir(nient of Health 
x\ is not "x «i] ihlc Major Ilenn in S ipo<Khx , Direitor of Rcst«'irth at the 
School of A\! ition Medicine '>( Randolph I'lcld, an arc of (he norlc of tlic Cit}' 
Health Department, oiTend a 'lo mm inohile pholnlhioropraphic unit to (he 
Tuhercnlos's Di\ ision for the purpose* of oarra inp on the sura oj Ml of the equip- 
ment and jicrsonnel to ojaente this unit aacre kindla funiishcti hj the Air Uni- 
acr-ita, fctlu>ol of Vaiition Medicine under the command o{ Col II G 
Amistnanp, M C 

The mobile unit a\ is created as one of themanj improaements b} the t'SST^MF 
in Enpland dunnp ^^orld ir II ^\nalnmTs studa of the MVF personnel sur- 
aejcelba this unit in Hnpl ind, from \pril toSepttmbcr lOlo, isaacrj interesting 
one and bnnga up the importance of mass roentgenopriphic siiracas Of the 
77,010 jxirsons examiiud, onla 0 30 jX'r cent h id caidenec of reinfection tuber- 
cuIo^ls (13) 1 Ills low u'cidencc aaas to be expected, since (he author aaas dealing 
with a p'^rticular tj|)c of population a'hith had been sercened at the time of 
induction Most of the suspected and definite cases of tuberculosis had been pre- 
aiousla eliminated from the raiiKs Con'-idering (he number of months in the 
sera ice (aarjing from laaclac to fifta-fiac months or more), the mental and phjs- 
ical stress of soldiers in combat, and the not alw aj s ideal ha ing conditions brought 
about bj the aaar, the prcaalcncc of tulicrculosis in this group remained verj’’ 
low The low percentage found in this studa indicates that bj intcnsmc case 
finding and other tuberculosis control measures it is po'^siblc to maintain a loav 
morbiditj rate cacn aalicn jxoplc arc lia ing under strenuous conditions 

In September 1945, the unit aaas sent back to the United States to be sta- 
tioned at Randolph Field Operating the unit during this summer aaas a team of 
BL\ Armj men, including the medical officer in charge The medical officer, besides 
controlluig the aaork of tiie unit, interpreted (he films m collaboration with the 
Chief of the Tuberculosis Control Dia ision of the City Health Department 

Prior to the examination of the sea oral interested groups, the Bexar County 
Tuberculosis dissociation and the Citj' Health Department earned out a pre- 
paratorj health education program in older to inform such groups of the need 
for, and the adaantages of, a chest roentgenographic survey The Tuberculosis 

* Then Senior Assistant Surgeon, U S Public Health Service, assigned as Chief of the 
Tuberculosis Control Division of San Antonio, Teaas, City Health Department 
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Association distnbuted literature, posters, and showed motion pictures Edu- 
cational talks were given by the Chief of the Tuberculosis Control Diusion nnd 
the Tuberculosis Association Health Educatoi 
In San Antonio the population is composed of three different racial groups* 
Group A-, Group B’, and Group C^ Tlus racial grouping wall be obseiw ed through- 
out the discussions m this paper It is important to maintain this classification 
because of the prevalence of tuberculosis e\isting in Group B in this area 
(6, 10) The underprivileged socio-economic conditions under which Group B 
lives in tlus part of the country probably has an important mfluence on the 
prevalence of tuberculosis In Mexico, according to Yelton (14), the tuberculo- 
sis death rate per 100,000 population was 5G as compared to 47 in the United 
States, a not very significant difference 
The results in this survej' are based primaril 3 ' on roentgenogriphic interpre- 
tations, therefore, subject to change after a more accurate and detailed studv 
of the cases detected All individuals found to ha\e anj^ chest imobcmcnt were 
referred to their pnvate plysician or to the City Chest Clmic fm further stiidj , 
care, and follow-up 


RESULTS 

For purposes of discussion, the results of the sune} will be divided into two 
groups Schools and Industries 

Schools 

Table 1 gn cs a general and detailed picture of the findings among the students 
examined The percentages gu on include all persons examined roenfgonographi- 
cally in the schools, that is, students, teachers, clerical staff, and other personnel, 
and also some parents and rolatucs in one of the schools Eight thousand, nine 
hundred eigfitj -throe persons were examined, of which 51 1 per cent belonged 
to Group A, 3G 7 per cent to Group B, and 9 2 per cent to Group C Elc\ on Chi- 
nese and one Japanese were included m tlus last group (table 1) 

Of the 8,9S3 persons examined, 43, or 0 IS per cent, showed ciidcnco of re- 
infection tuberculosis Bj breaking down the total number of jicrson'! examined 
into racial groups, it is obsened that of the 1,SG1 of Group A axammed, 11, or 
0 29 per cent, showed exidence of reinfection tuberculosis, of the 3,291 of Group 
B examined, 27, or 0 82 percent, had cxidcncc of reinfection tuberculous, and, 
finalh , of the 828 of Group C examined, 2, or 0 21 per cent, had roenlgenogmiihic 
c\ idcncc of reinfection Ijiie tuberculosis 
It IS of interest to obson c that Group B showed a higher percentage of tubercu- 
losis than Group A Tlie low percentage among Group C nia\ be attributed to 
the small number axammed rocntgenographiuilh and also to their much better 
stand ml of living m this part of the countn, while the oppo-itc is Inic of Group 
B These facts max distort the tnic picture of tuberculosis prevalence among 

> White cxcIudiiiR Mcxicin Nitionili md tho-e of Xlf'xic'ia dt'ccnt 
’ White N^exicaa Nalionah and those of Ml* can de cent 
* Nej"o 



• 4 Chincflc, 1 Japancat, 
t 3 CliiiifiC 
t 1 Clijutac 


ROENTGl.NOGIl.U’niC SUJUK\ IN SCHOOLS AND INDUSTRIES 


603 



TABLE 1 
Schooh 

h^umbcT of Persons Examined and dumber and Per cent with Reinfection Tuberculosis by Race, Sez and Age, San Antonio, Texas, 1947 
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them Accordmg to Picnot, the annual famity income most prevalent among 
Group B -was $622 34, Group C, $937 50, and Group A, $949 02 Themostprei alent 
mdi\ndual mcomes of these three respective groups v ere Group B, $141 44, 
Group A, $256 49 and Group C, $2S4 09 (7) 

Companng the percentages found by race and sa\, the onlj’- striking diflerence 
IS obsen'ed among the females in Group B vhere 1 IS per cent had roentgeno- 
graphic findings of reinfection tuberculosis Similar findings are obsen ed in the 
age group 15 to 19 vhere 1 16 per cent showed e\ndence of tuberculosis, while 
for the other racial groups and sexes the percentages remained under one 



total group a group b group c 

Fir 1 Percent reinfection tuberculosis nmongstudcnts.bj rsccnndsov, in Sin Antonio, 
Tetas, 1017 

It IS of interest to break down table 1 and obtain the percentages in tlio ago 
groups 10 to 21, winch include most of the high school .and colli ge stndenls 
Another rcison for choosing this igc group is fh it in San \ntonio tiiherculosis 
pre\ ails in the age group 10 to 39, as can be reen in the follow ing chart (figure 2) 

In tiblo 2 it is seen that among the total of Group V (1,121) examined m ago 
g;roup 10 to 21, 11, or 0 21 per cent, had ei idenco of reinfection tiiherculo'is, of 
the 3,117 of Group B, 22, or 0 70 per cent, had cMdenre of tlio disease, and, 
finalh , of the 703 of Group C, 2, or 0 2S per cent, showed c\ idcnec of reinfection 
tuhcrculo-is Of the total number of por«ons c\ mimed in this age group 18,271), 
37, or 0 15 per cent, showed eridcncc of tubrrruioM« \s c m Ix' ub • r\(fl, the 
totd percentages difTered shghtli, 0 1*? per cent for the tot'-l group e'aniinid 
and 0 15 {Kr cent for the age group 10 to 21 Diflercnte- ire more notifc ibh wh<n 
taking the ruiil groups iridiudu db, cither ’’s i tot i! nr b\ tlu ng> group in 
qu'-tio'i in o'th' r of i.hich Group H rueah e hidirr pertinl f e tb m tla otlif 
two group*- cv’mincd 
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In spite of the limited number of roentgenograms taken among the schools 
m San Antonio and Bexar County, these findings are very similar to those ob- 
served m other states Edwards m New York found the percentage of clmically 

FIGURE 2 
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Fia 2 Per cent and rank of tuberculosis as a cause of death in two selected five year 
periods of time, in San Antonio, Texas, 1926-1930 and 1941-1945 


Significant tuberculosis to be 0 2 m 16,000 college students (8) Accordmg to a 
publication of the United States Public Health Service (12), school surve 3 ’’s con- 
ducted m vai lous states showed only slight fluctuation m the results In Michigan, 
for example, 2,788 students were examined roentgenographicall}’’ and 0 3 per 
cent were found to have reinfection tuberculosis In Alabama, 7,770 students 
were exammed and showed evidence (0 4 per cent) of tuberculosis Similar studies 
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total group a group b group c 

Fia 3 Per cent reinfection tuberculosis among students in age group 10 to 24 by race and 
sex in San Antonio, Texas, 1947 

TABLE 3 


Nontuherculous Pathology among Students Examined in San Antonio, Texas, tn 1947 


Bone disease 


Diagnosis resen ed 

3 

Cardiovascular 

6 

Bronchiectasis 

2 

Pleural abnormalities 

4 

Tumor masses 

1 


the Public Health Service study, as well as in the present one, the same class 
of persons v as included, that is, students, teachers, and maintenance personnel 
of high schools and colleges 

An interesting survey vas made by R Tak Eng m Hong Kong, China, in 
1940-1941, prior to Japanese occupation Eng reports that 4,644 students were 
fluoroscoped and that 124, or 2 3 per cent, had pulmonary tuberculosis This 
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incidence is ven* high, but, as remarked by the author, “ the population of 
Hong Kong had mcreased to tliree times its normal m the three ^ ears preceding 
our sun-ey Refugees had flocked in fiom % arious parts of China, making proper 
housing, nutrition and sanitation difficult” (2) Again, the importance and in- 
fluence of the socio-economic status stands out m the picture of tuberculosis 
prei alence 

Of incidental interest is the presence of chest disease other tlian tubcrculosi‘=, 
nvhich was found in 0 32 per cent of the total persons e\ammcd The predominat- 
ing age group for nontuberculoiis pathologa was 15 to 19, with 21 of the 29 persons 
found falling into this group 


Industries 

In the eighteen industrial groups examined, workers for the Community Chest 
sen ice and from one of the insurance companies of San ^Vntonio were included, 
also 2CG ranchers and stock} ard cmplo 5 oes not directly associated with industia 
The remaining groups were emplo}cd by industrial plants in the cif} The total 
number of the nonindustrial workers examined roenlgcnograplucally was not 
large enough to influence the findings, they were, therefore, kept in the total 
group 

The high percentage of tuberculosis found in industn has caused a debate 
among all authors stud} ing rocntgenographic sun c\ s of industrial w orkers Is it 
tnic that the prevalence of tuberculosis is higher among industrial workers or 
should the knowai fact that a higher incidence exists among unskilled workers 
be taken into consideration^ Goldberg sa\s “The death rite imong the un- 
skilled worker is more than twice that of the •skilletl worker ” lie continue'^, 
“Limited earning capacit} has a direct relationship to tubcruiloeis in in- 
dusln ” (3) 

A more thorough investigation should be made to a^-certam the tnie value 
of these findings among industrial workers 3 he importance of the socio-ec nnnmic 
status of the groups examined must nlw ivi be home in mind becui'-o this will 
defmitclv influence the prevalence of the disease This fact c mnot lie overlooled 
in San Antonio where 10 per cent of the total population falls within Group B 
With V or} limited earning capacitv (G, 10) 

Martin, Pessar, and Goldberg (3) found 2 3 per cent of clinical fuberculo-is 
among food-handlers In San \ntonio, in a smdv of 17,700 food haiidli rs ex- 
amined roentgiiiographicallv at the Cit} Health Dep irtnirnt, a pi’rKntige of 
3 3 was found, of which 1 8 per cent were suspects and 1 ’> per er at d< finitr ((•) 
Mernweather Savers', and Lanra (3) reported 2 1 /K'r unt and 2 •> p<r (<nt, 
respcctivelv, for the vcirs "nd !<^20 m kad ind nne niimrs of 01 1 ihnai i, 
Kans jind Missriun *] ho pre-onee of sdiro-'- mav lio n- ,)u i~jhl< fo- th’'- hi„h 
pcriontige, smte dpcno-is w is f-tabh-hnl bv ro< atgi ni'itraph’E tiiiduK 
\ repon of the I '' Public Ilf dth Sirvirr of sunn- ir indii *rv to- tl < \< re- 
10J2 to lOtG revf did a pereeat'-cc flf 1 1 lo-- this rn iri" fU) lliliebo^ . r p s't- 
iiiiz fill rofiitg' no'.r' n’s { t rn among inilu-^nal i or? ( tiro mlio it tie < o ntt'** 
m 10 1 J to 10 11 tbf feure ! ". p-r nat to- tin p'. !"r. o^ r. > !< * 
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Fio 4 Compirntt\c percentage curves of reinfection tuberculosis (exclusive of locil 
Negroes) nmong industrial workers, bj race nnd ngc, San Antonio, Texas 



TOTAL GROUP A GROUP D CROUP C 

Flo 5 Per rc-t rrir'ettion tub^-cjI'V’.a ft'"'!*? i- iu'^nal wo'kr's, bv tt.r* t- J f'x In 
San A'^'c-io, Teis* l&t7 
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tuberculosis among these adults (5) Elkin, Irwin, and Kurtzhalz in Philadelphia 
in 1942 examined 71,767 industnal workers and found 2 3 per cent with evidence 
of reinfection tuberculosis, based solely on the interpretation of the survey films 
(1) The same figure, 2 3 per cent reinfection tuberculosis, was observed in this 
survey made in San Antomo in which 3,132 roentgenograms ivere obtained and 
73 persons had leinfection type tuberculosis The findings by age groups, race, 
and sex are presented m table 4 

Fifty-three per cent of the total individuals examined were m Group A, 40 4 
per cent belonged to Group B, and 6 6 per cent to Group C This percentage 
distribution is similar to the one obsenHd among the schools and also to the city’s 
population percentage distnbution w'hich is composed of 53 per cent in Group A, 
40 per cent in Group B, and 7 per cent in Group C (6) Since the same percentage 
distribution holds true in the industrial sample as it does in the city’s population, 
this sample should give a fairly accurate picture of the prevalence of tuberculosis 
m the San Antonio industrial groups examined 

Of the 3,132 persons examined, 73, or 2 3 per cent, had roentgenographic 
evidence of reinfection tuberculosis Dmding the total number examined into 
racial groups 1,660 m Group A were examined, of whom 29, or 1 7 per cent, 

TABLE 5 


Nontuherculous Pathology Among Indxtslrtal Workers Examined in San Antonio, 

Texas, in 19^7 


Cardiovascular 

10 

Pneumoconiosis 

3 

Bono disease 

5 

Tumor masses 

2 

Pleural abnormalities 

4 

Diagnosis reserved 

2 

Bronchiectasis 

3 

Fibrosis 

1 


showed evidence of the disease, of the 1,264 m Group B examined, 39, or 3 1 
per cent, had findings of tuberculosis, and of the 208 in Group C, 5, or 2 4 per 
cent, had roentgenographic e\ndence of tuberculosis of the reinfection type 
The total reinfection tuberculosis peicentage cun^e rose from 0 5 per cent in 
the age group 10 to 19 to 3 1 per cent in the age group 50 to 59 This percentage 
curve rises progressively to a peak in the older age groups, as is observed m the 
usual tuberculosis moibidity ounces Of importance was the difference in the 
racial groups, where those in Group B have a cunn which stands higher through- 
out the different age groups iMth a drop in the 40 to 49 age groups and a second 
rise in the age groups 50 and over This may be seen in figure 4 
The findings for those in Group C have not been placed in figure 4 because 
only two age groups v ere represented with v erj’^ high incidence, causmg a false 
representation of the prevalence of tuberculosis among them 
Also of interest were the 30 cases (0 95 per cent) of nontuherculous disease of 
the chest found among the 3,132 persons examined Rxamining these 30 cases by 
age, it IS obsers ed that the majority of the cases is in the age groups above 40 
\sith the highest number in the age group 50 to 59 These persons ^^ere referred 
to their private physicians and to the city chest dime for further im estigation 
and folloiN-up 
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strsnuni 

The roentgenographic findiogs in a chest survc} of 12,115 students and in- 
dustrial workers in the city of San Antonio, Texas, are as follows 

A total of S,9S2 students were examined and 43, or 0 4 per cent, showed c\i- 
dence of reinfection tuberculosis Of the total, 4,SG4 were in Group A", of whom 
14, or 0 29 per cent, showed roentgenographic e\ idence of tuberculosis, 3,291 were 
in Group B*, wath 27, or 0 82 per cent, haxnng pulmonary reinfection tj*pe tubercu- 
losis, and S2S were in Group C*, of whom 2, or 0 24 per cent, had roentgenographic 
endence of the disease 

A total of 3,132 industnal workers were examined and 73, or 2 3 per cent, had 
CMdcnce of reinfection tuberculosis Of the total, 1,GC0 were in Group V, of 
whom 29, or 1 7 per cent, had evidence of pulmonaiw* tuberculosis, l,2Gt were 
in Group B wath 39, or 3 1 per cent, wath e\adcnce of reinfection tubercu- 
losis, and 20S were in Group C, of whom 5, or 1 5 per cent, showed c\idcnce of 
reinfection pulmonarx tuberculosis 

In this studj the prc\ alcnce of tuberculosis among those in Group B is higher 
throughout all ago groups, cither in the schools or the industrial workers 
examined 

Emphasis was placed on the socio-economic status of those in Group B and 
its relationship to the prc\ alcnce of tubcrculo‘>is among tlicm in this pirt of the 
coiintn 

In this sur\c%, o'licr abnormalities of the chest wem found in 0 32 per rent 
of the students, with bone in\ohement as the priinan finding Of the industrial 
workers examined rocntgonogmphic.dK, cirdiov iscular abnonnahties pro\ ailed 
among the 0 95 per cent of the nontuberculous chest findings 
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Case Reports 


MILIARy TUBERCULOSIS CAUSED BY INTRAVENOUS SELF-INJECTION OF 
TUBERCLE BACILLI, TREATED SUCCESSFULLY WITH 
STREPTOMYCIN THERAPY^ 

OSWALD R JONES, WARREN D PLATT, and LUIS A AMILL 
(Received for publication May 27, 1949) 

A case of miliary tuberculosis caused by the mtravenous injection of a massive dose of 
virulent tubercle bacilh gives the clinician a rare opportunity to study this disease under 
ideal circumstances for mvestigation The foUowmg is a case study of a 30-3'ear-oId un- 
married female, an experienced bacteriologist, who mjected herself mtravenously with 
1 0 cc of suspension of virulent strain of tubercle bacilli with possible suicidal mtent 
The mjection was made into the left antecubital vein She stated that she prepared them- 
oculum by washmg a few cc of salme over a slant of Petragnani’s medium v\hich con- 
tamed a 14-day growth of ilf tuberculosis The culture represented a primary isolation 
from the pleural fluid of a young man with an acute tuberculous pleurisy An mteresting 
background to this episode is the fact that three years previously, while moculating a 
gumea pig, she had accidentally punctured the skin of her left antecubital fossa with a 
needle contammated with tubercle bacilh FoUowmg this, she noticed a very smaU super- 
ficial papule at the puncture site which disappeared after a few weeks and was not asso- 
ciated with further swellmg, mduration, tenderness, or any systemic symptoms Previous 
to this episode in 1945, she does not remember having had a tuberculin skm test One 
year after the 1945 mcident, however, a tubercuhn skm test was positive 

The patient (L F) was admitted to St Luke’s Hospital on January 16, 1948, the daj 
following the intravenous injection, but did not reveal any information concerning her 
self-inooulation Instead, she complained of a five pound weight loss, night sweats, fatigue, 
urinary frequency, “pus in her urine,” and a chronic nonproductive cough of three months 
duration She emphasized the fact that she had w orked in a Veterans Hospital for tubercu- 
losis in 1945 

The patient was referred to the urology service with a tentative diagnosis of pyelone- 
phritis, possibly tuberculous in origin Her temperature at the time of admission was 101 8° 

F , which subsided to normal on her second hospital day The patient later stated that her 
temperature had gone to 104 °F a few hours after the injection and was on the way down 
(101 8‘’F ) when she was admitted to the hospital She remained in the hospital for eight 
days during which she continued to be afebrile and asymptomatic except for the first day 
Her blood count, routine urine examinations, urea nitrogen, and erythrocyte sedimentation 
rate were all within normal limits A chest roentgenogram showed no abnormal densities 
In her lungs Cystoscopy revealed the findings of a subsiding infection in the bladder 
Pj elography showed pyelectasis and some clubbing of the caljses of the left kidney Cul- 
tures (Petragnani’s medium) of the urine of the bladder and both ureters, however , rev^ealed 
no tubercle bacilli A guinea pig inoculated with a twenty-four hour urine specimen taken 
at this time revealed no evidence of tuberculosis on subsequent examination 

* From the Medical Department, St Luke's Hospital, New York, N Y 
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\t till' turn' of till'- ulini'-sioii, tlitn w i*- no inonlion of i li'sioii in tin lift inlccuhil il 
fo--"i,lnit tlu'i'itu'nl 1 it< r ‘•t iti il tliii on tin «1 1 \ follow inn lioi inji'i lion ''ho li id notitid 
vwillinc ndm^';, mil ti ndcriu"-'- il tin injictionsiti ‘'In li id squi i’7i d i sindl imiount of 
Si rum from till' Il ''ion mil Iml '•it'ii tulx ri lo 1> u illi in i •'iiu ir ol tins m iti ii il 

\fti r I i|,lit d i\s of "tiiiK till )i itu lit w IS dis( Il irpi'd On (In' follow mu d i\ , iiini di\s 
iftirtlii injirtion sin lu iiii In u m to IniM som ri » lulls mid fi \ c>i Slit wish idmittodon 
tlip liftti nth d i\ iftirtlii iiiji 1 1 ion w itli i li iiiiu'r ituri' of lOI”! Vt tins imu slii idimttid 
for tln> lir-t timi' tli it shi li id injt rti d lursi If with tnln'rili' li mill C onsidi i ihlt' sk('ptn.ism 
mot this < onfi"-siiin, liowi \i r, mil tin ripi w is dol.ni il for si\ d i\ s until i moio positn c 
di iM'osi"^ could In' III nil l’h\su il i \ imin ition was i ssoiiti ilh mu iti'C < P* f*”" i‘'indl, 
om mm nispd, shuhth Kudu in i in tin lift mtcciihit d foss i (huuri 1) 'Jinn was no 
ciil irucmcnt of tin lift ipitroihh ir or i\ill in liiiiph nodi s Jin' told (nlhioi\ti md 
loiikoci to counts md t \ imm itioiis of the until n \i alrd no almornnilitu s ‘'('rum luuhi 
tin ition re u tioiis for t\ phoid |> ir it\ phoid, hriici llosis, md I \ pliiis wi n iieuilm md no 
III il in d j) ir isili s wen sei n on < \ mini ition of the blood 1 he i r\ tliioci It' sediment ition 
rite w is 'ill mm in oni hour 

V chest roeiitut Hour im ohi until I mu in 11, I'lIS (fiuure 2) roinled no ihiiorin ilities 
ificr si\ dais of i lioiiiidinu fiiir with d iiK spikts up lo lOl'l Streploinvt in thenipi 



I It I ruin reulons It Sion it the aide of \i niiMini liiie in It ft irm 

(3 0 Gm d iih hi the intr muiscul ir route) w is instUuttd bet/TUsp of Iht ijipo irinco of v 
uencralirtd mill in inliltr ition throuuhout both liiiius, is shown in chest hJms t ikon Feb 
rinn J, 191b (fiuure 3) I lie iiifiltritioii h id iippt ired at somt time between the sixteenth 
and twenti first d i\s iftcr the iiiottil ition with liibciele biiedli Vt this tunc (Fehruan 4) 
1 irge numbers of icid fist bitilli were seen on e\ mini itioii of a smeir prepmed fiom a 
smdl iinouiit of serum txiiresset’ from the lesion in the left mtecubit d foss i Cultuies 
(Dubos, I’etnunmi) of this ni it( n d were subsequenllj positne foi 1/ tuberculosis V 
tuberculin skin test with 1 1(K),000 dilution O 1 , performed on I ebrti iij 5, was negitne 
after forti eight houi-s’ obsen ation 

Repeated blood cultuies on both J’eli ign mi md IJubos medium obt lined iftcr the start 
of streptomjcni thei ipj wi re sterile MoieoM r, subbcquent guinei pig inoculation of the 
patient’s blood, urine, and ecrebrosinn d fluid ncldod negitive icsults The eerebiospinal 
fluid siigir, piotein, chlorides, gold tune, ind microscopic examination lemnned noimal 
throughout the pitient’s hosjutal stij Iicqucnt microscopic examinations of the uiine 
over a period of three months showed no abnoimalities 'I ho total leukocj te and diffeiential 
counts rem lined within norm d limits, where is the piticnt showed a mild hj 2 iochiomic, 
microcjtic anemia one month iftei the beginning of her illness This was subsequontlj 
coriected with tin help of one 500 cc whole blood transfusion, the administration of non 
sulfate, and control of her infection 
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The onlj ircis mamfestlj affected b^ this imssne injection of tubercle bacilli were the 
site of the injection and the lungs The tip of the spleen w is b ireh palpable on one occasion 
eight dajs aftei admission to the hospital duiing the height of the feier Subsequent e\aiii 
inatioiis, lioweier, levealed no consistenth demonstrable splenic enlaigenient The ocular 
fundi showed no abnoimalities at ain tune Sputum e\ iniinatioiis foi tubercle bacilli were 



Fig 2 (Uppei left) Chest roentgenogram (Jaiui ir\ 31, 1943) obt lined sixteen dais ifter 
infection \o ibnormalities are present 

Fig 3 (Upper light) Chest roentgeiiogr mi (Febiu in 4 1948) reicaiing inihati dissem- 
ination 20 dais after infection 

Fig 4 (Lower left) Chest roentgenogram (Febiu in 19, 194S) Mihari lesions are still 
well defined 36 dajs ifter infection 

Fig 5 (Lower right) Chest roentgenogram (Maich 6, 1948) Miliari lesions seem to bo 
nioie sharpli outlined 51 dajs after infection 

negatii e on tw o occasions A tuberculin skin test , 1 10,000, was positnc ifter foit\ eight 
houre on the twentj sixth daj after the uioculition No sigmficinco w is ittachcd to this 
positixe reaction because of the historx of a piexiouslx posiUxo tubcicubn skin test in 1946 

It IS probable that the immunitx proxidcd bx the infection prior to 1946 was minim li 
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in tlu pu'-i'iHi' of *-0 Rii it I do-o of iignti'd tiilicule liiiilli '1 ho Iuiirs h u! ijipuctill) 
filtoiodmit th( niijoni) ofntjouidhutoni thus pio\i ntint, withllu iKliiofsdcptonuciii 
tlior ip\ h( in It ou nous vpn id to tho otln r ni^ins of llio lioii) 



Fig G (Upper left) Chest rocntRcnoKiam (April 8, 1948) Mdi uj ness ire now begin- 
ning to f ide, 72 d ns iftcr infection iiid ifloi 53 dins of streptomjcin thei ipj 

Fir 7 (Ujipcr light) Clicst roontgcnogriin (M ij 7, 1948) Lesions in lungs still lo 
soh mg 

Fig 8 (Lower) Chest locntgenogi ini Juh 26, 1948 rciesls no abnormalities 

There were aiail iblc as indices of the success of stieptomjcin theripj the chest roent 
genograins, determinations of the erithrocjte sedimentation rate and temperature read- 
ings, tho local ibscess at the site of injection, and the piticnt’s subjective improvement 
She remained on tho oiigind dose of stieptomjcin (3 0 Gin dailjO foi nineteen dats with 
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httle or no definite improvement m thes3mptoms of genenl nnlnise, he■^d^ches, ^nd sink- 
ing ehills Her temperature remained elevated with daih spikes to 103° to 104°F Dining 
tins time (Februan 19) a chest roentgenogram showed that the niiliarj lesions in the lungs 
weie more shaiplj circumscribed and increased m nunibei (figure 4) The lesion in her left 
antecubital fossa had not improved since the initiation of therapj In the belief that larger 
doses of stieptomj cm might control the infection, the dose w is increased to 5 0 Gin a dai 
and continued for four da} s wathout apparent improvement The dose w as then reduced to 
2 0 Gm of stieptomycin per day because of the lack of impiovement and sei ere i ertigo 
■kt this time (Februarj 23) the patient began to complain of a rather seiere pain in the 
area of the lenipuncture Wet dressings were applied to the site of the injection and these 
seemed to give lelief On the following d 13 , the puncture wound opened and considerable 
thick, 3ellowish pus was discharged Following this, the patient’s teniperatuie diopped to 
100°F and lemained there for seven da3s and then fell to 90°F 

From the twentj -third da} of therap} , the patient’s feeling of well-being improied 
dramaticalh A roentgenogram of the chest taken on the thirt} -eighth da\ of tlierapi 
(March 6, 194S) showed the lesions in the lungs to be static (figure 5) and the lesion on the 
left aim was definite!} improved 

From the thirtieth day of therap}, the patient’s tempciature icmained normal and a 
chest loentgenogram on the si\ty-fiftli da} of treatment showed definite inipi o\ enieiit in 
the lung lesions (figure 6) At this time (April S, 194S) the lesion on the left arm had com- 
plete!} healed, and the patient had no s}mptonis except foi moderate dizziness fioni the 
stieptomxcin therapi No auditor} changes were observed in serial audiograms 

One of the most fortunate factors aiding the recoven of this patient was the fact that 
the tubercle bacilli imtiall} cultured from the lesion in the left antecubital fossa (Dubos 
medium) showed sensitivit} to a concentration of less than 1 0 7 of streptonii cm pei cc 
The patient received a total of 241 0 Gm of stieptomxcm oxer a period of 105 dais 
She was discharged to her home on her one hundred and tweiit} fifth hospital dax with no 
recurrence of sxmptoms following cessation of therapx Hei last loentgeiiogiam obtained 
tliiee weeks before discharge (figure 7, Max 7, 1948) showed the lesions m the lungs to be 
less intense and moie sliarpl} circumscribed than on prexious examinations The erx thro 
c} te sedimentation rate at the time of discharge w as 21 mm m one lioui 

This patient has been carefull} followed and a lepoit fiom hei ph}sician 111 Julx 1948 
stated that she xxas exeicismg moderately, felt well, ind li id gained weight k. chest film, 
Julx 26, 1948, lexealed no abnormalities whatsoever (figuie S) 

A lettei icceix^ed m October from this ver} foitunate xoung ladx stated she had been 
w orkmg since September in a blood bank in the hospit il of her home tow n She also stated 
that her health was fine and confirmed this statement b} the news of her m image in carlx 
September 1948 


DISCUSSION 

A lexiew of the liteiatuie has lex^ealed only one otliei case siiiiilai to the one piesented 
heie The case of Lemierreand Ameui^ewas that of a tw eiit} -nine x eai old male who in 
jected himself with a laige dose of tubeicle bacilli intiax enousl} iiid dex eloped niiliaix 
tubeiculosis, shown in seiial roentgenograms of his lungs, between the ninth and thiitx 
sixth day aftei injection In this case stieptonix'cm was not ixailable, ind the patient 
died at the end of thiee months There were sex eial significant diflfei dices betw eon these 
txxo cases 

1 The Fiench patient, without the aid of stieptomx cm, became piogiessix elx woise 
and loentgenogiaphic examinations rexealed inci eased size and distiibution of the pul 
nionaiy lesions Twelxe days before death, the pulnionai} lesions became confluent and 
caused niaiked lespiiatoiy embarrassment Moieoxer, splenic enhigement peisisted and 
the patient dex eloped tuberculous meningitis eight di}s befoie deith 
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2 In contn^t, in the picsont cibc the lung Ivicl nppiienth' filteicd out the tubeicle 
hieilh, piexenting fuithei hcmitogcnons ■^pieul 

3 The Ficnch piticnt did not de\clop anemin in spite of sc\cie n isting nnd mnlmi- 
t lit ion 

4 Oui pitient showed noinvil lcukoc\te and diiTeientni counts thioiighout hei illness 
The Fieneii pitient demonsfiitcd i Icukopenn, 2, GOO, ind a monoiuicieosis at the be- 
ginning of his illness This giidinllv ie\ cited to nonnal and then to a leukocytosis of 
12,500 with 00 pel tent polMnoiphomicleii leukocytes in the tcuniml stage of his dis- 
ciso 

5 Oui p itient de\ eloped in imtnl fe\ci immediath after the injection lasting foity- 
eight limns, ind then her tempciatuie lemiined noimd foi nine dais befoie using to 
101°F The Fionch patient developed i fevci within foitj -eight bom’s which pcisisted 
until de.ith three months latci 

The siiniliiitics between the two ciscs weie 

1 The mode of injection w is mtiav cnous m both cases 

2 The latent period fiom the time of injection to the appeal nice of piilmonaiy lesions 
was between sixteen and twciitj-one divs m oui case, and between nine and thiity-six 
d IV s m tlie French patient 

3 Both pitients hid a positive tubcrcului skin test piioi to the injection of tubeicle 
b u ilh 

4 In neithei case w is it possible to obtim tubeicle bacilli on cultuies of the blood on 
Petiagnini and Diibos media in oui case and Loewenstein’s medium m the Fiench case 

It IS behev cd tli it ev erv'one w ill igiee that this case piesents one of the most inteiestmg 
experiments in the pathogenesis and ti eatmciit of hematogenous tubei ciilosis in the human 
evei to be rccoidcd \ ciiefiil attcmjit was made to note all of the pcitment facts which 
could be obseived and detei mined thiough the studj' of this patient 
At the outset of the infection, it w is suggested th it the oiiginal site of the puncture 
should be totally excised but it w is decided not to do this It now ajipeais that the pioce- 
dinc might hive been benefienl, as the subsequent course of the patient showed vmrj' 
cleirly tint the stieptomvcin tlieiapj' had no effect on tlie infection until the oiiginal 
feeding focus sloughed out The fall in tempeiatue and the lossof sjanptoms coincided yeiy 
definiteh with the ev aciiation of the oiiginal abscess 

The possibilitj exists that ceitain cises of miliaiy tubei culosis might be saved by the 
combination of stieptomjcin theiaiij and the eradication thiough suigerj'^ of the aiea 
m the bodj fiom which the tubeicle bacilli aie dissemmatmg 
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ABDOMINAL PNEUMOCELE FOLLOWING ARTIFICIAL 
PNEUMOPERITONEUM' 

H C WORTM4N= ^ndH E BASS 
(Received foi publication Maich 4, 1949) 

Aitificnl pneumopeutoneum his become an accepted tieatment foi puhiiomij tubei- 
culosis Recent months Ime seen in mci easing numbei of lepoitsiegaidmg theiesults of 
this foim of theiap3’’ (1-4) A compjeliensne monognph has also been deioted to the sub- 
ject (5) Aside fiom the lattei woik, little if any mention Ins been made of the loentgen 
appeal ance of an-contimmg ciicuhi shadows oi pneumoceles m the ibdonuinl cmt\ 
following aitificnl pneumopeiitoiieum The following case lepoits aie pieseiited to illus- 
tiate the loentgenognphic featuies of this condition 

C\SE REPORTS 

Case 1 ihe patient was a 24 icii-old white male who dei eloped cough ind dispiiei iii 
Decembei 1945 He was admitted to a na\ il hospiti! in M nch 1946 The sputum w is i osi 
tne foi tubeicle bacilli and loentgenogiaphic evimmation showed e\idencc of left upper 
and lowei lobe caiitation with a light uppei lobe infiltrate V light pneumothoru w is 
attempted in June 1946 but was unsuccessful A left phrenic ciush w is peifoimed in Decern 
ber 1946 In Mii 1947, a left pneumothoi i\ was unsuccessful in closing the left upper lobe 
ciMta He was admitted to Halloian Aeteians Administiation Hospital in June 1947 and 
the left pneumothoi i\ was continued until March 194S, when it was abandoned On Maich 
7, 194S a pneumopeutoneum was initiated with good eleiation of the diiphrigin In luh 
1948, the patient’s sputum became negative for tubercle bacilli and has continued iiegatne 
to the piesent time Since Septembei 194S, the cai ities pre\ loush seen iie no longer \ isible 
on chest roeiitgenogiams 

Shortlj aftei the initiation of the pneumopeiitoiieum, a pncumocele was demonstrated 
on the right side, just above the uppei surface of the li\ei (figuie 1) Subsequcnth , the inti i 
abdominal pressures were incieised for thei ipeutic reasons h\ means of increased refills 
given at moie frequent intenals A film taken at this time (hguie 2) showed incicised 
ballooning of the pneumocelo, which now extends almost to the lateral wall of the ibdom 
inal caviti A film taken just before i lehll during i period of decreased ibdomin il pressure 
showed some collapse of the iir cont lining sh idow which exhibited in indented, serrited 
border (figuie 3) 

CaseS The patientwas i 40 xear oldwhite maiewho on routine sepirition film in Oelo 
ber 1945 was found to haxe an exudatue infiltrate iiuohing the entire right uppei lobe 
with caxitation ind spiead of diseise to the left second ind third interspices with nniltiiile 
small caxities The sputum was positixe for tubercle bacilli 

Aright pneumothorax was instituted at i nual hospital in No\ ember 1945 but mimerous 
adhesions piex ented adequate coll ipse \ left pneumothoiax w is imti ited in I imi ir\ 1946 
but w IS abindoned as ineffectue In Max 1946 following an unsuccessful ittcmpt it piicu 
monolxsis, a right pleural effusion dex eloped ind the pneumothorax on the right side w is 
also discontinued The ispirated fluid w is positixe for icid fist bicilli and ilu piticiit 
began running a toxic course In \ugust 1946 he was started on i course of streptomxciii 

' Published with the permission of the Chief Medical Director, Depirtment of Medicine 
and Surgerx , Veterans Vdministration who assumes no responsibilitx for the opinions ex 
pressed or conclusions draxxn bx the authors 

* Resident pin sician, Tuberculosis Serx ice, Ilallor in \ cter ms \dmimstration Hospital, 
Staten Island New A ork 
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for 120 tins \Mth clmicil impio\tme»t In Fcl)iiur\ 1947, thcie was a spiend of disease 
in the left lung ind stieptom\cin w is igiin Rncn for 1 120-da\ poiiod Pneumopentoneum 
IS instituted with the hope th it it would help contiol his disease so tint thoncophstj 
might he performed it i future dite 

1 he p It lent w is tr insfeiicd to II illoi in Veter ins Adniinistnition Hospital in June 1947 
The pncunioporitoneuin was continued He showed suhjcctnc iinpiovcment in spite of 
e\(cnsnc lul itei il disc no with c n it it ion In M i\ 104S, the p itieni dci eloped i spontane- 
ous pncuniothoi i\ on the tight side with a sin ill iiiiount of thud The pneumoperitoneum 
has heen m inil lined 

roentgenogrim t ikcii during the course of pneumoperitoneum thei ipi (figuie 4) 
showed 1 pncumocek in close pio\imit\ to the uppei suif ice of the livei 




\ 




I 


Fig 1 Case 1 (Upper left) Vcircuiar iir containing cjst or pneumocele is seen between 
diaphragm ind Inci on light side 

1| PiG 2 Case 1 (Upper right) Ballooning of pneumocele with increased pressure A 
Shadow of falciform ligament B Pneumocele 

Pig 3 Case 1 (Bottom) Deflated pneumocele following decieased mtra-abdominal 
pressure, showing indented, seiiated outline 


DISCUSSION 

The ippeai nice of these abdominal pneumoceles maj be leadilj’^ undeistood if the 
aanous peiitoneal sin faces and lefiections of the uppei abdoniinil cavity aie consideied 
Tlie Msceial peiitoneum coveiang the antenoi suifaceof the stomach is contmued be- 
tween the stomach and hvei, foiming the anteiioi layei of the lessei omentum It ne\t 
miests the mfeiioi, anterior, and uppei siuface of thehvei At the postenorpoitionof the 
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uppei siufice, it leaves the livei ind goes to the duphiagm to foun the intenoi hjei of 
the coiomiy ligament Pioceeding fuither, thepeiitoneum coverethe anteiioi put of the 
dome of the diaphiagm and on leaching the anteiioi abdoniinil ii ill is tontmued as the 
paiietal peiitoneum of the geneial ibdoinmal cavity 
The vnsceial peiitoneum cov eiing the posteiioi suiface of the stomach evtends from the 
lessei cuivatuie to the livei thus foimmg the posteiioi lajei of the letsei omentum It 
contmues upvvaid, investing the posteiioi surface of the livei, and is then leflected onto 
the diaphiagm to foim the posteiioi lajei of the coionaij’- hganient Thus, this poition of 
the omental burea behind the livei, known as the supeiioi lecess, is in diiect communita- 
tion with the geneial abdomiinl cavity (gieatei sac) thiougli the epiploic foi mien 


S 

! 


Fig 4 Case 2 Pneumoceic just ibove upper suif ice of Iivei 

The fiieifoim ligament extends foiwaid and dowaiw ud along tlie mtenoi ibdominil 
wall to the umbilicus as i peiitoneal leflection from the anteiioi lajei of the toionarv hg 
ament This lepiesents the anteiioi poitionof the piunitive venti il inesogastuuin of the 
embijo 

From the ibove anatomical considei itions of the peiitoiieii lefleition', of thi^ snb- 
diaphiagmatic aiea, it becomes evident that with theelev ation of the diijiln igin from the 
hvei theie must be a lesultaiit stietching iiid thinning of these peiitoned hginientous 
attachmentb The lessei su posteiioilv and tlic gieatei sic anteiioilj ne in diiect com 
municatioii below vii the epiplon fonnien but aie sepai ited ibove bv the ti nisvci-elv 
situated coioiiarj ligament The falciform ligament connects the intciior poition of the 
coionai-j ligament to the anteiioi abdominal wall, thus lestiicting pnstenoi {iNpl iceiiient 
of the tiansvei-se coioiiaiv ligament There is, howcvei, no siuli icstiictnig mcch unsni to 
pi event anteiioi ballooning oi displacement 

The anatoiiiical explination offered appeals to be boinc out bj fluoroscopic evinimi 
tioii of the cases piesented The ballooning is anteiior m the diieition of Ici't legist nice, 
and to the riglit of the falcifoim ligament wherein lies the gieiter evpinse of the light 
coronarv hganient 
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It IS believed, therefoie, that, dependent upon individual auatomicalvanation and upon 
differences in intra-abdominal piessure tensions upon the correspondent portions, tlie 
appearance of pneumoceles or peritoneal balloons may be expected in certam mdividuals 
receiving aitificial pneumoperitoneum 


SDMMABT 

1 The appearance of pneumoceles, or pentoneal balloomng, was observed in two cases 
receinng artificial pneumopentoneum therapy for pulmonary tuberculosis 

2 An anatomical explanation for the appearance of these pneumoceles is offered 

StJMABIO 

Neumoceles Abdomtnales Consecutivos cd Neumopentoneo Terapiuitco 

1 En dos casos en que se aphc6 el neumopentoneo terap^utico por tuberculosis pul- 
monar, se observd la aparicidn de neumocele, o mflacidn pentoneal 

2 Ofr^cese una exphcacidn anatdmica de la aparici6n de esos neumoceles 
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PjNEDMOPERITOKEDM complicated by INGinifAL HERNIA* 

Report of a Case 

WILLIAM J jMcAULIFFE and RICHjMOND DOUGLASS 
(Recel^ed for publication April 11, 1949) 

Therapeutic pneuniopentoneum as a form of immobihzation of the tuberculous lung 
has been used widely since 1935 The procedure is simple and the comphcations are 
few Banyai (1) discusses air embolism, accidental pneumothorax, and mediastinal 
emphysema and mentions the appearance of pneumocele and coexistence of hernia 
among miscellaneous comphcations Bennett (2) m 193S reported discontmuing pneu- 
mopentoneum m 3 cases because of the appearance of henna Monto and Bradford (3) 
in 1943 reported a case of pneumocele following pneumoperitoneum The pneumocele 
was treated by the apphcation of a pressure pad over the internal mgumal rmg after 
the air had receded from the processus vagmahs Apparently the pressure caused 
obhteration of the sac for the pneumocele did not reappear on subsequent refills 
Daniels and Eisele (4) m 1938 mentioned 2 cases mth mgumal hernia in nhom scrotal 
pneumocele developed follomng pneumoperitoneum These were treated with trusses 
A case of mgumal hernia treated surgically is reported because of the hniited mention 
of hernia as a eomphcation of pneumoperitoneum and because no report of surgical 
treatment has been found after mtensive search 

A R (BMH 37025), a 25-j ear-old, single, white female was admitted bj transfer from 
another hospital to the Hermann M Biggs Memorial Hospital on October 2S, 1948 for con- 
tinuation of treatment for pulmonarj tuberculosis which was moderatelj ad\ anced and 
w as active The historj' revealed the onset of illness in Januarj 1938 and the elinicnl courec 
was characterized by recurrent hemoptjnes and repeated hospitalizations, during which 
she was on a variety of therapeutic regimens In Maj 1948, with caaitj present on the left 
and a sputum positne for M iubcrculosts, pneumoperitoneum, supplemented bj crushing 
of the left phrenic nerve, was instituted and maintained with weeklj refills of 1,000 cc 
Immediately after the induction of pneumoperitoneum the patient noticed a small lump 
in the right groin which had a peculiar "crackling” feel Coughing, sneezing, or straining 
in any waj' caused the lump to become prominent but it alwaj s receded with relaxation 
These findings were confirmed by her phjsician, but no treatment was instituted 

On admission to the Hermann M Biggs Memorial Hospital, the plnsical examination 
rexealed an asthenic, pale, thin, j oung adult, white female Ijnng quietlj in bed The posi- 
tive physical findings were limited to the chest and abdomen There were post tussic 
crepitant rales in the right apex and slight abdominal distention with absence of lixer 
dullness Routine examination revealed no abnormalitj in (he right groin 

Fluoroscopj and roentgenograms of the chest rexealed paradoxical motion of the left 
diaphragm which was at the lex el of the fourth anterior rib, and showed a normallx func- 
tioning right diaphragm at the lex el of the fifth anterior nb There was also noted scat 
tered infiltration in both hilar regions 

Laboratory data The erjthrocxte and Icukocjte counts were within the range of nor- 
mal, and examination of the urine rexealed no abnormal findings There was no sputum 
for examination Cultures of the gastric washings taken on admission were ncgatixe for 
tubercle bacilli 


‘ From the Surgical Scrx icc, Hermann hi Biggs Memorial Hospital, Ithaca, New \ ork 
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On Non ember 3, I'llS, si\ chNs after ndmi‘>sion, the patient complained of a slightly 
painful lump in the right gioin Examination revealed an irreducible right indirect ingui- 
nal hernia She N\as placed in Trendelenburg position with hot \Nater bottles to the abdo- 
men and gneii 10 mg of morphine After a few hours another attempt at taxis was suc- 
cessful riic hcriiml sac filled with air, howexcr, and a lump in the groin persisted It was 
beliCNcd that pneumoperitoneum NNOuld aggravate the condition and that strangulation 
might occur Because of the uniNcrsallj satisfactory response of congenital inguinal hernia 
to surgerN (5), operation Nias decided upon 

Under spinal anesthesia a 10 cm incision was made above the right inguinal ligament 
The external spermatic and cremasteric lajcrs were opened, exposing the sac of an indirect 
inguinal hernia Ijing anteromedial to the round ligament The sac, which contained air 
but no bowel or omentum, was transected without opening and the proximal stump li- 
gated with a suture ligature of number 00 black silk after it had been tightly twisted The 
distal portion of the sac was found to extend down to the insertion of the round ligament 
and included a tinj hjdrocelo The hernial defect was then repaired according to the Fer- 
guson technique The wound healed per primam, the skin sutures being removed on the 
fifth postoperative daj Pneumoperitoneum refills were resumed on the fourteenth post- 
operative daj 

This case illustrates the conversion of a congenitally patent processus vaginalis to a 
pneumocele following induction of pneumoperitoneum, with cv'entual herniation of 
abdonunal viscera Surgical repair was preferred to the method of pressure over the 
internal ring Pneumoperitoneum and pulmonary tuberculosis were not regarded as 
contraindications to operative repair, particularly with the use of spmal anesthesia 
Henorrhaphy was, therefore, done and pneumoperitoneum continued 

SUMMARY 

1 An inguinal pneumocele appeared in a 25-year-old woman immediately after 
mduction of pneumoperitoneum 

2 A right inguinal hernia which was reduced with difficulty occurred six months 
later 

3 Repair of the hernia was earned out under spinal anesthesia without interrupting 
the therapeutic pneumoperitoneum and without adverse effect on the patient’s clinical 
course 

4 Pneumocele occurring in the inguinal region during pneumopentoneum indicates 
a congenitally patent processus vagmahs and, since this is amenable to surgery, opera- 
tive repair is mdicated 


SUMABIO 

Neumopentoneo Complicado con Hernia Inguinal Observacidn 

1 En una mujer de 25 afios se presentd un neumocele mguinal mmediatamente des- 
pu4s de ejecutarse un neumopentoneo terap6utico 

2 Seis meses despufe aparecid una hernia mgumal derecha que fu6 reducida con 
dificultad 

3 La hemioplastia fu4 Ileavada a cabo con raquianestesia sin mterrupir el neumo- 
peritoneo terap6utico y sin efecto adverse sobre la evolucidn clfnica del caso 

4 La aparicidn de un neumocele en la regi6n inguinal durante el neumopentoneo 
mdica la existencia de un proceso vaginal cong4nitamente permeable, y como puede 
ceder a la cirugfa, estd mdicada una operacidn pldstica 
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EDITORIAL 

The Cost of Tuberculosis Research 

Elsewhere m this number of the Amencan Review of Tuberculosis is an article 
by Virginia Cameron, Medical Research Secretary of the National Tuberculosis 
Association, m which an analysis is made of the cost of research on tuberculosis 
for a twelve-month period m 1947-1948 The report is objective and no attempt 
IS made to determine whether the amount is inadequate or excessive, or if the re- 
sults of the researches financed m that year justified their cost The analysis does 
show, however, that the current annual expense for conducting research on tuber- 
culosis m the United States exceeds six million dollars, that the majority of the 
sum currently spent is in the field of chemotherapy, and that the two chief con- 
tnbutors to the total cost are the Federal Government and industrial firms en- 
gaged m the production of pharmaceuticals 
It IS not surprising that the total amount of money spent on tuberculosis re- 
search IS large In terms of lives lost, tuberculosis has been the most destructive 
disease in all history Recovery from the disease, however, is as astomshmg as its 
ravages, and the circumstances under which recovery occurs have stimulated an 
immense amount of investigation, ranging in the past from the most critical to 
the utterly absurd in efforts to develop a consistently successful means of control 
or cure In their sum these efforts have been notably productive, if still falling far 
short of their goal 

Until relatively recently little of this research has been sponsored or stimulated 
by other than individual original interest Personal interest, however, has always 
been a powerful source, and the governmental and orgamzational support char- 
acterizing the present period could accomplish little without the spontaneous 
spirit of inquiry of individual investigators 

A brief leview of past achievements will show that every development in the 
control of tuberculosis has resulted from research Understanding of the funda- 
mental nature of the disease came from a long senes of patient anatomical studies 
by Sylvius, Laennec, and scores of less well-lcnovTi investigators Their studies 
in turn pax’^ed the way for the discovery of physical diagnostic methods by Auen- 
brugger, Corvisart, and Laennec, and the immense amount of detailed climcal 
investigation which folloxved The development of experimental medicine, to 
which Claude Bernard contributed so notably, and of bacteriological methods by 
Augostmo Bassi and Jacob Henle and their early associates, opened the road for 
the specific investigations on tuberculosis by Villenun and Koch In a purely 
physical investigation William Conrad Rontgen discovered X-rays, but vnthm a 
few months surgeons applied the discovery to climcal medicine, and chest X-ray 
photography was a natural development 

It must not be forgotten, however, that each major discovery in medicine has 
resulted only through the summation of a vast number of major and minor dis- 
coveiies in the same and quite different fields The tubercle bacillus vould not 
have been discovered xnthout the microscope and the microscope could not have 
been invented and improved vathout exhaustive physical and mathematical in- 
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vestigatiOD of refracting lenses X-ray photography would be impossible li^thout 
suitable hght-sensitive materials, winch did not become available purely by acci- 
dent Modem laboratory and clinical diagnosis of tuberculosis, its sanatonum, 
surgical and chemotherapeutic treatment, and the facts of epidemiology and 
public health, all have resulted from a S 5 Tithesis of a huge amount of research 
Chance entered into many important observations, but exact investigation has 
always been the next step after a lucky accidental find 
The productivity and ultimate value of medical research are seldom in direct 
proportion to its cost Many of the greatest discoveries have been at httle ex^iense 
Jenner’s development of smallpox vaccination was of small cost to himself and 
none to any sponsonng agency The outstanding investigation m the histor} of 
tuberculosis, the discovery of the tubercle bacillus, was made in the course of the 
normal duties of a section chief m the German Imperial Department of Health, 
Robert Koch His personal industr3’’ and unquenchable cunosit}’-, and the recentl}’’ 
acquiied background in bacteriological method vhich he had himself done much 
to develop, resulted in this major event in the historj’’ of tuberculosis vithout 
proportionate cost Interestmgl3'’ enough, had he not discovered the tubeicle 
bacillus, httle delay m its detection vould have occurred, for Paul Baumgarten 
was but a few steps behind him and actuall3’' did report lus ovm discover3’" a few 
days later Confirmation of the studies of the two men came quickl3’ fiom man5’’ 
sources, and again at httle cost Simple laboratory procedures for the detection 
of the tubercle bacillus in sputum and other pathological material were soon de- 
veloped and readilj’’ available throughout the vorld 
In contrast, certain other and equalb' important fields have had to be culti- 
vated on a much more expensive scale to 3aeld comparable results Perhaps no 
tool IS more valuable in the diagnosis and care of tuberculosis than the X-ray 
Millions of dollars have gone into the development and improvement of X-ray 
equipment since Rontgen’s discovery of the ra5’- a little more than fifty 3’’ears ago 
In view of the enormous value of X-ray photography m tuberculosis, the great 
cost has been veil warranted The far cheaper development of bactenological 
diagnosis has been simpl3’’ a happy circumstance 
The cost of all scientific research is rising and probablj'' in greater degree than 
costs in general The Cunes’ discoveiv’- of radium v as at tnfling expense compared 
with the cost of current investigations on nuclear fission Extremelj’' cx-pcnsive 
equipment is essential for nev advances in this field, and progress in other fields, 
including the development of new knowledge of disease, is analogous in its de- 
mands for better tools and methods It is tnte that research stimulates nev 
research, but it is perhaps not so widely appreciated that the nev research will 
almost alva3’-s be more expensive than the old 

It has been suggested from time to time that some slackening in the general 
program of research on tuberculosis might now be justified, since progress up to 
date, as measured by the declimng death rate, seems to indicate that the disease 
can be brought under complete control by procedures prcsentlj' at hand Tins is 
surely a short-sighted wew of the future No sufferer from the disease undergoing 
a long and tedious sanatonum course, even supported by daily injections of 
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Btreptomycm, is likely to be solaced by statistics if his own progress is doubtful, 
and no economist viewing the present annual hundred million dollar cost of 
sanatorium and hospital care of tuberculosis ivill be satisfied that no fuithei in- 
vestigation IS needed There may and should be aigument as to the direction new 
research should take, and particularly as to the relative proportions of develop- 
mental, basic, and applied investigation, but adequate perspective will convince 
every thoughtful observei of the need for improvement in methods, and there is 
no escape from the fact that all improvements, in their very nature, result from 
some land of research 

It could well be aigued, however, that a large sum, greatly exceeding present 
expenditures, might be used still more profitably to speed up the present ap- 
parently productive progiam Something of this character has been suggested by 
the National Planmng Association (Planning Pamphlet No 62, Good HeaHh is 
Good Business, Section 1, Tuberculosis Why not get nd of it?) The plan proposed 
calls for universal X-ray examination, expanded facilities for treatment, improved 
health education, and a large rehabilitation progiam Attention has been called 
to some of the difficulties inherent in operation of the plan (Dempsey, Mary, 
Summary of Rcviexo of National Planmng Association’s Report, National Tubercu- 
losis Association, September 28, 1948), but it is noteworthy that even this plan 
calls for an expenditure of $3,000,000 a year for research m a ten-year program 
requiring an outlay of $321,000,000 a year in its peak years 

Detailed suggestions are not made in that plan as to the distribution of the 
$3,000,000 designated The proposal foi this sum is based on an estimated ex- 
penditure of $1,200,000 for tuberculosis research in 1943, an amount greatly ex- 
ceeded by the actual expenditures for tuberculosis research in twelve months of 
1947-1948, as hliss Cameron’s analysis indicates Presumably the figure was in- 
tended to be elastic, as medical research is opportumstic, as is well illustrated by 
trends m tuberculosis research since the advent of stieptomycm 

It IS impossible to avoid being arbitrary in naming any sum as appropriate for 
a tuberculosis research program There appears to be some justification from in- 
dustrial experience in the figure of one per cent of the national income set by Mr 
John R Steelman, Chairman of the President’s Scientific Research Board, in his 
Report to the President as a “modest annual investment” for a national program 
of scientific research This figure has proved a useful one for planmng, and it may 
be noted in this connection that it has been employed by the National Tubercu- 
losis Association in its own estimate of expenditure for research on tuberculosis 
The NTA estimate is not purely arbitrary, however, for it was based in large part 
on the fact that the present expenditure of the Association is less than that sum, 
while promising projects go unsupported for lack of funds 

It would seem wise for planmng purposes to set up figures of as much signifi- 

*The following resolution was adopted by the Board of Directors of the Association 
at its meeting on May 2, 1949 “Resolved, that commencing with the 1950 Seal Sale con- 
tract the proportion of Seal Sale funds allocated to the NTA shall be increased to six 
per cent, [from five per cent] one sixth of which shall be allotted to the research program 
of the NTA ” 
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cance as possible on the basis of recent expenence in the several individual federal, 
industnal, foundation, and academic programs Suitable estimates for this pur- 
pose could hardl}’' be made vnthout an analj^sis of current expenditures for re- 
search, indicating costs, sources of financial support, and tj-pes of investigation 
financed Miss Cameron has presented such an analysis, -which should be of great 
value at a time when interest in the investigation of tuberculosis is increasinglj 
active and orgamzations like the Public Health Ser%nce and the National Tuber- 
culosis Association are expanding their programs m this field 

Certain resen^ations must be made in accepting the figures cited, as hliss 
Cameron herself has indicated As an example, the cost of research in large in- 
dustrial firms wall vary wath s3^stems of accounting emplojed, and it is difilcult 
or impossible to estimate the research expenditure involved in the salaries of 
workers who collect new facts from daily routine experience The research ele- 
ment in the large mass X-ra}’- suiwej^s now' in operation cannot be calculated wath- 
out full knowdedge of the use made of the figures obtained This knowledge is not 
available and hence a research cost cannot be estimated Such surve3's are pn- 
manl3’' for case-finding purposes, but their results when propel^' anal3'zed are of 
great value for epidemiological understanding and further planmng, and it w ould 
be logical to designate a portion of the cost as for research if all facts w ere known 

It IS sigmficant that the donore of the largest sums for investigations, the official 
health agencies and the manufactunng firms, contributed a high percentage of 
the total allocated for a single purpose, streptomycin lesearch If streptom3 cm 
had not appeared so promising it is safe to sa3’‘ that much less mone3’- w ould have 
been expended for chemotherapeutic research, and much less accordingl3'' for all 
tuberculosis research, since the proportion of the total cost for chemotherap3' 
alone in 1947-1948 was so high 

It is equall3' significant that organizations long concerned with basic and de- 
velopmental investigations, z e , scientific foundations, the National Tuberculosis 
Association, its affiliates, and the umiersities, have continued to de\ote the 
majority of their resources, presumabl3’' m spite of man3' pressures when applied 
chemotherapeutic research is so allunng, to fundamental research At tlie present 
time increasing emphasis on the need for new fundamental research is widespread 
Had streptom3'cin proved as succcessful as the most optimistic enthusiasts antici- 
pated, had It proved, for example, as effective as penicillin in certain U pcs of 
pneumoma, it is probable that interest in basic investigation on tuberculosis 
would have declined Actual^, however, streptomycin research has raised more 
problems than it has answered, and the new problems, such as the nature of the 
antibiotic mechanism and the reason for bacillary resistance to the drug, can be 
solved only by fundamental laborator3’- research 

Similarly the recent numerous empincal studies on BCG \accmation, while 
indicating the practical value of the procedure, ha\c brought to the front, as 
never before, the necessity for further studies on the \irulence of acid-fast bac- 
teria and the whole problem of pathogenesis There is indeed good reason to 
believe that unless more powerful substitutes for streptom3Cin arc found and 
BCG V atcination proves more widely cffectn e than present consen atn c invcsti- 
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gators bclio\ o it to be, the mvcstigatn e trend in both fields i\ill be toil ard basic 
rather than applied research 

For these reasons it ma}' iiell be that the current distribution of research 
effort, as leiealed in the report bj' Miss Cameron, wall not bo representative of 
future periods Her analysis provides, however, the peispective needed for eval- 
uation of the present program in terms of its cost, and a good basis at the same 
time for future planmng 

Esmond R Long 



LETTERS TO THE EDITORS 
WHAT S WRONG WITH “AIASS X-RAY" SURITSYS? 


To ihe EdilOTS of the American Review of Tuberculosis 

Recent statements by Doctor James F Brailsford, the emment British radiologist, 
have raised some doubts m the minds of many as to the real i alue of communit3’-iMde 
surveys At hrst glance it is easy^ to ridicule Doctor Brailsford *s thesis and we may^ even 
fall mto that common habit of Americans of beheving that just because we do thmgs m 
a certain manner m this country' it is of course the only way to do it' A few of us m 
Tuberculosis Control, however, are not so sure that eieiythmg is peaches down m Geor- 
gia We are even convmced that Doctor Brailsford may be partially correct, and what's 
more, not being content to just talk about it, we’d hke to do something about it 

First, we’re gomg to tell a little story (Albrecht, F K Editorial m Current hledical 
Digest (April) 1949) and we’ll let you be the judge 

John Doe reads in his newspaper, “Get your free X-ray' at the George Washington 
School Building tomorrow between S and 10 a m " Unfortunately’ the use of the term "free 
x-ray” is false, since it is being furnished by' the State Board of Health and only’ because 
John Doe's ta\es have helped to purchase the equipment 

John Doe enters the lineup of folks awaiting their X-ray at the school building and when 
he reaches the registry desk, who should be typing the registry cards but his nett door 
neighbor, Mrs Jones She greets John and asks “Is there any tuberculosis in your family?" 
This information is, of course, requested for good reason on the registry card Terror 
strikes John's heart Both liis parents died in a sanatorium of tuberculosis, but if he says 
“Yes,” little Mary, Mrs Jones’s daughter, will not be allowed to play with little Wilho 
anymore And so he gulps “No” and stumbles aw ay in confusion Whatif the film does show 
tuberculosis? Will the neighbor’s wife find out? May be she will see the cards when they are 
ready to be mailed out to those X-raycdl The whole neighborhood will be talking and John 
is in an extreme state of confusion The film reader is being paid so much per film, instead 
of a flat fee per hour and, even though he is a bit fatigued, he reads on and on and on until 
he comes to the 70 mm film of John’s chest Either inadvertently, or because he doesn't 
know of the distortion inherent in small film, he calls it a “Cardiac " It really isn’t enlarged 
at all What happens now ? John’s survey card is marked “Cardiac ” About six weeks later, 
the local Tuberculosis Society announces in the paper that all the negatno cards for the 
recent survey have been mailed John Doe becomes worried and sick with fear Does ho have 
tuberculosis? He must hav e, since he has not rcceiv cd a negativ e card I Has ho infected lit tic 
Willie and his lov'ing wife? Does the next door neighbor know ? It seems she has acted a bit 
distant latelv 

John Doe does one of two things Disconsolate and frustrated ho goes ton roentgenologist 
and pays $15, which he can ill afford, for a large film After a few days he is told “There 
is nothing wrong with vou ” Failing this procedure, our John sweats it out for a few weeks 
and finally receives the little card telling him to see his doctor, who also advises a largo 
film, which this time however is paid for by the local Tuberculosis Society Two more 
weeks transpire before the film is read and finally the news arnves “Film of poordiagnos- 
tic quality —will require a retake ” The doctor in the meantime has assured him that there 
was no tuberculosis in the film— “Just a heart condition!" \\hat are the chances of John’s 
becoming a cardiophobc? How would you feel? Or, suppose the film reader in all sincerity 
noted “Scoliosis, severe,” or “Dextrocardia, ”or “Pulmonary fibrosis, cause undetermined?" 
Wbat can be done about it? 
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Wnt js our solution’ Educntion, or should \\c snv rc-cducntion We must educate 
the jteneml public who seem to know little if nn 5 'thing about tuberculosis except a lot 
of misionccptions tlic\ ln\e picked up in school under the subject of Hedth Education 
Thc\ ha\-c the feeling tint bj some remarkable gift or innate inherited power thc> alone 
will no\ cr contract the disease Thex bchc\ c that j ou conquer disease bi dropping a dime 
or a quarter m a tin can on i street comer, and, of course, b} bujing Christmas Seals 
Win should thc\ worrj’ Tubcrculo‘:is is something onh jioor jieople get and thev hear 
it IS almost wiped out 

Is it ana wonder the general public maj dc\ clop a phobia and fear toward being X-rajed? 
The\ are told absohiteh nothing All agree that they should not be sent the findings of 
the small film since the medical terms used would onij’’ ternfi them The}'' should be 
told, howeacr, that there arc manj reasons other than disease that may cause one to be 
called back for a large film If the general public knew these things, there would not 
bo the fear and terror occasioned when that fateful card arn\cs saying “See your doctor ” 
The introduction of mass chest radiograpin to the civilian population is no easy un- 
dertaking It must be done without causing fear and anxiety in those found to have 
susp’cious shadows m their chest films It must also be done without inducing a false 
sense of sccurit} in those who are shown to ha\e a normal chest film 

In a recent book Photoradworaphy in Search of Tubercidosis (Zacks, D , ll\filliams & 
Wilkms, Baltimore 1949), Dr Daxnd Zacks of the Massachusetts Department of Public 
Health presents his cxTicrienccs cox cring twent} j earn m tuberculosis control He raises 
the question as to the real worth of the so-called “fast tempo” surxej’s, wherein after a 
lot of publicitj and balljhoo a whirlwind campaign is earned on for a short time, after 
which It moxes on like a Iraxoiling road show to another community, leaving m its 
xvakc and in the local health officer’s lap a multitude of problems, headaches, and heartaches 
I quote from Dr Zacks’ text 

The high pressure campaign technique requires multiple X-ray units, adequate technical 
and professional personnel and sufficient financial resources with ability for rapid com- 
munitx organization and high pressure pubhcitj in order to arouse not onlj interest in the 
communitx, but also a willingness to participate personally in the X-ray program The 
campaign approach is rapid, spectacular, and high-geared but its contribution to tuber- 
culosis control maj be equally fleeting The author prefers the relatively slow, sustained, 
sxstcmatic attack upon the problem The plan proposed is based upon extensive 

communitx organization and adequate chest diagnostic facilities, in addition to the surx ey 
procedure In order to bring about individual acceptance of the (chest) exami- 
nation, education regarding pulmonary tuberculosis is necessarj The educa 

tional program must bo continuous and purposeful in order to influence people 

There is no question here of socialized medicine Mass chest X-ray examination is an 
ethical attempt to got at the root of tuberculosis control To attain this aim it must include 
the total population rather than groups chosen for accessibility or a xvallingness to partic- 
ipate The ultimate aim is the establishment of chest X ray service 

which will bo axailable on a permanent basis to all persons, either through private phjsi- 
cians, health departments or cooperating community health agencies The attainment 
of these objectixes will depend in large measure upon education, not only education of the 
people themselves but also education of official and voluntary health agency leaders 

No community-wade chest roentgonographic survey' can be considered satisfactory 
unless it permits a correct diagnosis All agree that the small films are for screening pur- 
poses only and that it is essential to secure a 14 by 17 film and a clinical history for ten- 
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tative and differential diagnosis Yet it is e^tremelj^ rare indeed for ph}- 5 icians to supply 
any clinical history or information with the large follon-up films they send in for 
mterpretation Thus the program is still a screenmg program There is no excuse for 
failure to supply a xeiy- short history' mth 14 by 17 films Anj nurse or office teclinician 
should be able to elicit a short, concise, pertment historj' from a patient Smee a large 
majority of 14 by 17 foUoiV'Up films sent m for mteipretation are not of di ignostic quality 
one concludes that either John Q Patient or the Tuberculosis Associations are paying 
thousands of dollars yearly for northless films 

There is need to re-educate some of the medical profession A good physician recognizes 
the limitations of his stethoscope and will not tiy to diagnose tuberculosis nitli it He 
appreciates that one can appear hale and hearty and ha\ e chnical tuberculosis If he is 
told that a suspicious shadow was found on the 70 mm film and is advised to hare the 
patient get a large film, he will not scoff at such ad\ ice or tell the patient there is nothing 
wrong mth him He will know his own hmitationsm readmg large film and not be ashamed 
to seek advice and counsel from his colleagues if he has had no special training in such 
film readmg He will never moke a diagnosis based only on shadows If he does not wish 
to do the necessary' follow -up measures, it is his prmlege to sohcit the aid of a pni ate 
consultant or to turn it over to pubhc health authonties He should not evpcct a diag- 
nosis from a roentgenologist or film reader based on some shadows on celluloid without 
fumishmg a short provisional diagnosis or chnical histon He should try to furnish films 
of diagnostic quality' if he evpects a diagnosis He will report Ins cases to the proper 
health authorities Before criticizing commumty'-wade sunejs and declaring they are 
a step toward State medicme, he will ask himself Am I really’ concerned with the health 
of all people, mcludmg the mdigent, m my city or county? He will remember that the 
first 14 by 17 film is still a screening film and that it is needed by the official agency 
conductmg the suney to check its small film findings and complete the nccessaiy rec- 
ords It does not mean that he or scieral other physicians m his community are not cap- 
able of reading film He must appreciate that “o\ errcading” of small film, while it can 
cause great concern to those notified to see their physician, is better than underrcading, 
if we are to pick up early treatable tuberculosis He wall be careful not to unduly alarm 
his patients as a result of some congenital abnormality’ reported on the small film 
He will recogmze his responsibihty', examinmg his patients who are contacts of knowm 
open cases He is entitled to liis opimon and criticism of mass roentgenographic suncys, 
but before he lends his ^ oice to such proposals as the restnction of sun eys in his commun- 
ity to school children only', he should either examine lus conscience or buy some new 
medical books > 

Proper steps should be taken to re-educate our small film readers They should ap- 
proach this task with due respect and be mindful of the haioc they can create by in- 
sufficient traming or bad judgment Tliey should be \ciy' cautious about reporting en- 
larged hearts or tellmg a person to see lus doctor because of some condition he has li\cd 
with for sixty yearn such as scobosis or fibrosis Wiat can cither the doctor or patient 
do about It? It is this kind of stupidity that is bringing down opprobnum on these com- 
munity -wade programs For this reason alone there should be an A and B reader employ cd 
to read small film It may be costly but it would reap large dindcnds m less worry and 
needless anxiety which is caused b\ o\crroading 

Maybe we directore can also stand a bit of rc-cducation Before cnticiring the \olun- 
tary workers, the general practitioners, and others connected with these programs, wc 
should ask ouisehcs whether wc Imc done all m our power to help these people e will 
hold seminars for the \oluntaty workers, dispel their confusion, and correct their mis 
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conceptions If they know whit to do and why thc\ arc doing it, they will do better 
work ^\c will seek c\cr\ opportunity to address County Islcdical Societies both before 
and niter the units enter then locnhtj, so ns to clear up the manj’’ problems that may 
ansc following such suriea's 

The Tul>cn'ulo‘'is Control Dnision of the state of ICnnsas has inaugurated a plan 
wherein the actual 70 mm film is sent to the familj phj'sician on all eases with significant 
findings The phj-sici in thus has the small film m his possession on which the suspicious 
area is indicated with a Chinn pencil He enn keep it with the patient’s record and it may 
prove of lalunble use in 1 iter v cars ns a base line study This isastcp forward m educating 
our phvsicinns, mnn\ of whom arc skeptical about the value of small films 

Is this n big order’ We think so, but we are sure there will be manj' who arc glad to 
take up the chiUcnge 

^ Division of Tunmcci-osis Control 

Iv-vvsvs Stvtl Bo\rd of Hevltii 
Toflilv, Kvn-sv<5 
June 27, 1940 


F Ken'neth Albrecht, 
Director 



LETTERS TO THE EDITORS 

IlOENTGENOGEMIS OF DIFFUSE PULMONARY LESIONS 

To ihe Editors of theAvimcan Rmcw of Tuberculosis 

I have been interested for some time in the diffuse pulmonary lesions which ina 3 ' gi\e 
roentgenographic shadows resembling those of miiiarj tuberculosis We had a small ex- 
hibit dealing with this subject at the last meeting of the National Tuberculosis Associa- 
tion in Detroit Enough doctors Iia\e shown an mterest m the problem to tempt me to go 
on and try to collect still further examples of tlus often very confusing situation 

At the present time I ha\ e listed the following conditions as capable of gmng the diffuse 
type of lesion that I have described I am sure that this list is not yet complete 

I INFECTIONS 
a Tuberculosis* 
b Bacterial 

1 Streptococcus* 

2 Staphjdococcus septicemia 

3 Brucellosis 

4 Tularemia 
c Mj'cotic 

1 Monihasis* 

2 Aspergillosis 

3 Coccidiodomj'cosis 

d Rickettsial 
1 Q fever 
e Virus 

1 "AtjTiical pneumonia" 

2 Psittacosis 

3 Vancella 
f Parasitic 

1 Ssbistosomiasis 

n INH.4LATIONS 
a Industrial 

1 Silicosis* 

2 Asbestosis* 

3 Berjllmm* 

4 Sidcrosis* 

5 Bagassosis 

b Other 

1 Vomitus* 

2 Lipiodol* 

3 Kerosene 
c Thermal 


6 Bj’ssmosis 

7 Vanadium 
S Sihcr 

9 Talc 

10 Aluminum 

11 Banum 


4 Actinomycosis 

5 Blastomycosis 
C Histoplasmosis 
7 Torulosis 


5C6 
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m NEOPLASMS 
a Primary 

1 Bronchogenic carcinoma* 

2 Alveolar carcinoma* 

3 Pulmonary adenomatoas 
b Metastatic 

1 Stomach* 

2 Liver* 

3 Prostate* 

4 Melanotic sarcoma* 

5 Hypernephroma 

6 Tongue 
c Generalized 

1 L3Tnphoma 

2 Reticulum-cell sarcoma* 

3 Multiple myeloma 

IV BLOOD DISEASES 

a Myelogenous leukemia* 
b Polycythemia vera 
c Sickle-cell anemia 


7 Thyroid 

8 Breast 

9 Pancreas 

10 Ovary 

11 Uterus 

12 Chorioma 


V GENERALIZED DISEASES 
a Sarcoidosis* 
b Erythema nodosum* 
c Rheumatic fever 
d Lupus erythematosus disseminatus 
e Periarteritis nodosa* 
f LoefiSer’s syndrome* 


g Tropical eosmophiha* 
h Cystic disease of the pancreas* 
1 Xanthomatosis 
) Amyloidosis 
k Scleroderma 


VI FIBROSIS— GRANULOMATOSIS— BRONCmOLECTASIS 
a Fibrosis* d “Acute interstitial hbrosis” 

b Granulomatosis* e Bronchiohtis fibrosa obliterans 

0 Bronchiolectasis* 


VII CIRCULATORY DISTURBANCES 
a Pulmonary edema* 
b Hemosiderosis* 
c Emboh and infarcts 

1 “Phlebitis”* 

2 Lipiodol* 

3 Fat 

The starred diagnoses m the above hst are the conditions of which I already have a 
good example, and most of these roentgenographic reproductions were shonm m the 1949 
Exhibit 

I am anxious to get good examples of the conditions m the abov e list which arc not 
starred or of any other conditions of nhich other doctors may ha\e examples I thought 
you might believe it north while to publish this letter m the American Review of Tuber- 
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culosis to inform the men particularlj'- interested in respirators'- diseases throughout tlic 
country that we are trjmg to mcrease our collection of evamples of diffuse pulmomrj 
lesions and, if they have a roentgenogram of the type of case for which ue are looking, I 
would appreciate it verj’’ much if they would mail the film to me with a lerj brief sum- 
mary of the case and a statement of the test wluch proied the diagnosis guen \re will 
then hai e a transparency made from the film and return tlie film itself to the sender We 
will mclude the transparency m next year’s exhibit and of course gne credit to the man 
sendmg the film to us 

1101 Beacon Street Donald S ICikg 

Brookline, IVIass 
June 23, 1949 
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ON THE ACTION OF THIOSEMICARBAZONES IN EXPERIMENTAL 
TUBERCULOSIS IN THE MOUSE 

To the Editors of the American Review of Tuberculosis 

The antituberculous action of a number of thiosemicarbazones was first noted by Do- 
magk, Bemsch, Jlietzsch, and Schmidt (Naturw , 1946, 10, 315) in 1946, and preliminary 
clinical tnals in man 'nere described by Moncorps and ICalkhoff (Med Klin , 1947, 4^8, 
812) m the following year Recently several reviews m the German literature have mcluded 
descriptions of the activity and pharmacology of some of these compounds (Heilmeyer, 
von L Deutsche med Wchnschr , 1949, 74, 161 , Vinderbank, H Die Pharmazie, 
1949, 4. 19S) Apparently the antituberculous activity of these compounds has not yet 
been gi% en senous consideration in this country 

One of t hese compounds, p-formylacetanihde, 3 - thiosemicarbazone 

^ GHjCONH — ^ — CH=N — NH — C — NHs^, has been studied rn vitro, as well 

as in mvo, m the mouse m our laboratories In a modified Kirchner’s medium, contaimng 
Triton A-20 (a dispersing agent), the mimmal inhibiting concentration for BCG was 
0 OOOS mg per ml In the mouse the ma\imal acceptable dose in the diet was found 
to be 0 032 per cent givmg a daily dose of approximately 65 mg pei Kg per day 
■\Vlien admmistered at this maximal acceptable dose m the diet for 21 days to mice 
infected intravenously mth the Ravenel strain of M tuberculosis in a highly standardized 
test ((a) McKee, C M , Rake, G , Donovick, R , and Jambor, W P Am Rev Tuberc , 
1949, 60, 90, (b) Donovick, R , McKee, C M , Jambor, W P , and Rake, G Am Rev 
Tuberc , 1949, 60, 109, (c) Rake, G , Jambor, W P , McKee, C M , Pansy, F , Wiselogle, 
F Y , and Donovick, R Am Rev Tuberc , 1949, 60, 121), deaths did not begin to 
appear until almost 40 days after infection, whereas all controls were dead before the 
thirtieth day The mimmal dose causing significant increase in Tjo (50 per cent death 
time) was found to be approximately 0 004 per cent in the diet (eqmvalent to approxi- 
mately 8 mg per Kg per day) when treatment was started two days before mfection 
Thus far, delayed treatment has been tried in only one ex-periment in which a level of 
0 016 per cent m the diet (equivalent to approximately 32 mg per Kg per day) was used 
It was found that the compound was highly active at this level even when treatment was 
not started until 7 days after infection, and possibly active even when admimstration was 
delayed until 14 days post infection, m a test m which the Tso of the controls was 17 7 
days, and some deaths had already occurred on the thirteenth and fourteenth days 
It IS not possible at the time of this prehmmary report to give a quantitative com- 
parison between the action of this compound and other antituberculous compounds such 
as p-ammosaheyhe acid However, an indication may be obtained by noting that at 
0 75 per cent in the diet, p-ammosalicyhc acid gave Tso values of 24 0 and 30 0 days, 
respectively, m two tests in which the thiosemicarbazone was tested In these tests the 
latter compound at 0 016 per cent in the diet gave Tto values of 35 and 45 days, respec- 
tively 

Extensive studies on the toxicology and pharmacology of this and related compounds 
are now under way in these laboratories 

R Donovick 
J Bernstein 

Division of Microbiologt and Division of Medicinal Chemistrt 
The Squibb Institute for Medical Research 
New Brunswick, New Jersey 
August 18, 1949 
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Clintcu SioDiLS, Tuiurculosis 

Tuberculosis in Children — Because of the 
dnerse opinions regarding the proper manage- 
ment of tuberculosis m children, the courses 
of 234 patients hospitalized between 1912 and 
1947 were rc\iewed The ages ringed from 
fii e months to thirteen j ears The criteria for 
admission were (/) a posituc tuberculin test, 
and (2) roentgenographic ciidencc of an 
actiie pulmonarj or tracheobronchial Ijanph 
node lesion On admission 79 o per cent were 
diagnosed as Inimg primarj tuberculosis, 9 
per cent had pleurisi with effusion, G per cent 
liad miliar) tuberculosis, 3 per cent had the 
reinfection t)po of tuberculosis, 2 per cent 
were nontuberculous, and one patient had 
tuberculous meningitis w itliout a demonstrable 
pulmonar) lesion Of those w itli a primary in- 
fection, S9 S per cent were asymptomatic and 
89 3 per cent were afebrile Only 17 patients 
(9 per cent) were considered to be chronically 
ill and S of these had a serious nontuberculous 
infection Acid-fast bacilh were demonstrated 
m 20 4 per cent of this primary group Si\ 
patients m the primary group dei eloped tu- 
berculous complications after admission and 3 
were readmitted for complications after dis- 
charge The average hospital stay was 250 
da)s Treatment consisted of a general, high 
caloric diet, cod hver oil, feosol tablets and 
complete bed rest Restraining jackets were 
used on young children considered to be too 
active The children of school age were allowed 
one hour daily of classwork None of the 
children with a primary infection received 
specific therapy in any form and no strepto- 
myem was used Children wmre considered 


ready for discharge w hen there had been com- 
plete absorjition of the parench)Tnnl lesion and 
contraction or calcification m the regional 
1\ mph nodes The hospitalization of these pa- 
tients seems to offer only one adiantage, the 
opportunit) to diagnose a tuberculous compli- 
cation m its early stages This responsibility 
can w ell be taken o\ or by the chest clinic — 
Tuberculosis in dnldrcn, S L Painter, Dis of 
Chest, March, 10 ',0, IS SB9—{E A Rouff) 

Initial Pneumothorav — K new technique 
was deiised to minimize the trauma during 
the induction of pncumothora\ A 2 cc or 5 
cc syringe is fitted w ith a sharp, short-bei el, 
small needle The syiinge is half filled with 
citlier salme or procaine solution TJie needle 
IS adianced just through the skin and the 
plunger di awn back to be sure the connections 
are air-tight No bubbles must appeal m the 
fluid TJie patient is then instructed to hold 
his bieatli m deep inspiration while the needle 
IS advanced Constant suction is maintained 
with the s)Tinge until a few bubbles appear m 
the fluid The needle is then immediatelj wath- 
drawm The bubbles have come from the 
supeificial alveoli, and leakage of air from 
these alveoli into the pleura will continue for 
a V arjang period to produce a pneumothorax 
space Occasionally insufficient air escapes to 
produce a visible space In this event the pro- 
cedure should be repeated If several attempts 
fail to establish a pneumothorax, the pleural 
space has been pieviously obhterated Com- 
parison of this new techmque with the present 
manometnc method reveals that the imtial, 
traumatic collapse was approximately half as 
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great when the new procedure was used 
Furthermore, there were feuer instances of 
excessive, dangerous collapse —Jnt/wf pneu- 
mothorax A new safe mdudion technique, I J 
Sehkoff, I G Tcherthoff &. B H Rohlzel, 
Quart Bull , Sea View Hasp , July, 194S, 10 
83— (K T Bird) 

Follow-up of Collapse Therapy — Tlic fate 
of 94: patients vho responded poorly to 
collapse therapy and one year’s bed rest was 
traced during a follou-up penod of fi\e to 
twenty years The mortality figures indicate 
the poor prognosis of those patients whose 
illness follows its course in an uncontrolled 
manner Fifty per cent were ali\ e after three 
y ears, 25 per cent after sl\ y cars, and 10 per 
cent after ten y cars These figures are in con- 
trast to those of Duggehs, w ho compiled sta- 
tistics from the same sanatorium on 4SG 
patients whose sputa were ncgatiic for 
tubercle bacilli prior to discharge Of these, 75 
per cent were still liimg sixteen years later as 
compared with 3 per cent in the first group of 
poorly controlled patients — Ergebmsse dcr 
Kollapsihcraptc bei schucren Lungcniuberl u- 
losen, H Hosier, Schiceis Ztschr Tuberk , 
19)9, no 1 1 — (E Dunner) 

Basal Tuberculosis — Of 1,379 knowai cases 
of tuberculosis, 21 (1 62 per cent) were found 
to liaac had a characteristic basal onset of 
their disease The short intenal between onset 
and diagnosis, ai eraging 30 G day s, with ex- 
tension of the lesion to a moderate or far ad- 
xanced stage in all cases dunng this intciaal, 
and the rocntgcnographic characteristics indi- 
cate that reinfection tuberculosis with a basal 
onset should be classified as an acute and pro- 
grcssiic disease The axerago age of the 21 
patients xxas 25 S xcars, the female male 
ratio was 2 5 1 Earlx, actixe treatment is 
indicated, pneumothorax is preferable Tlic 
prognosis is good since SS S per cent of this 
ecncs rccoxcred "iid were known to haxc been 
well on an axcrage of 723 months after diag 
no'.’s — Bam’ onsd of rcinfcdwn lubn-ctdons, 
// H Chary, j-ln J R<yntgcro’ , Janvari], 
J9I<l,S!> 32— iJ E Fadirr) 


Prognosis of Minimal Tuberculosis — The 
importance of being able to estimate the 
actixaty’ of tuberculous lesions on the roent- 
genogram IS obxious jRccent studies by 
Birkelo cl al , show that it is possible to esti- 
mate actmty from the first roentgenogram in 
a relatixely high percentage of cases The 
present study' was solely’ concerned with this 
prognostic factor of the roentgenologist’s diag- 
nosis m 1,100 patients followed forono month 
to nineteen years Statistic il examination of 
the data showed that there is considerable 
roentgenological error in prognosis but the 
progression ratesand death rates indicate that 
the roentgenologist’s opinion is of great x alue 
in determining the txTic of treatment for such 
cases — The laluc of rocntgcno’ogy in the proo- 
nosis of mtmmal tuberculosis, A L Cochrane, 
II TT Campbell A S C Stem, -4f;i J Bocnl- 
gcnol , February, 1949, 61 ISS — (J E 
Farba) 

Minimal Tuberculosis — \ scries of cases 
has illustrated the problems associated with 
the roentgenologic interpretation of minimal, 
pulmonary , reinfection tuberculosis Tiio cl iss 
ification of the roentgen picture on a patho- 
logical basis IS not entirely satisfactory and 
considerable differences exist in the interpreta- 
tion of the roentgenograms Further study and 
correlation between nccropsx and roentgeno- 
logic findings IS required to cstabh'ih the 
descnptixe terminology on a more solid foot- 
mg It IS hazanlous to decide the prognosis or 
clinical significance of a lesion on the basts of 
one film or a few films Pulmonary lesions max 
be minimal in extent and yet represent the 
end result of the closure of a ttilierculous 
caxaty Round foci, linear honrontal scars, 
and stellate scars arc cvamples of such legions 
which may lx; interpreted incorrccth ns mini 
mal lesions with good progno«-is A minimal 
lesion can therefore lx“=t Iw ox duatcfl if the 
whole historx of the com is Inown \ more 
uniform roentgenologic intcrfirelatnni of mini 
mal tuberculosis might lie po'-^ib’e ji tlic 
National TulH'reulo'is clas'-ifi'' ition inchidcsl a 
statement of the total penod of olf'cr.rt’on 
and whether the c.aluation is nude on t'" 
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basis of a senes of films, a few films, or a single 
film It would also be helpful to state, where 
possible, the length of time between the onset 
of illness and the date of the film — Minimal 
tuberculosis Problems in roentgenologic inter- 
pretation, I D Bobrountz £. A Hurst, Radiol- 
ogy, April, 1949 , S2 519 — (TF J Steininger) 

Interpretation of Roentgenograms — ^From 
this study by experienced radiologists and 
from previous work, it is established that the 
mterpretation of roentgenograms is subject to 
a certain degree of mherent error If a set of 
sunilar films is read by two different observers, 
the hkehhood is that in 16 per cent of the cases 
the two readers will disagree with each other 
as to whether or not a lesion is present If the 
same person re-reads the same set of films, he 
IS likely to disagree with himself m approxi- 
mately 8 per cent of the cases The degree of 
error or variation is sigmficant but compares 
favorably with that found m other clmical 
methods and diagnostic aids The usefulness 
of studies on this phenomenon may be meas- 
ured by the degree to which they are aimed 
at understandmg the reasons behind the 
vanations and by the discovery of methods to 
reduce them The results of this study indicate 
that among the important reasons for “miss- 
mg” a positive film aie the size, location, and 
density of a lesion, as well as the “attitude” 
of the observer A techmque which permits a 
reader to review each "preliminary” positive 
may reduce significantly the percentage of 
positive cases missed without necessitatmg 
over-readmg For mass survey work it would 
appear imperative (I) to select the panel of 
readers with great care, (S) to submit them to 
valid tests, and (S) whenever practicable to 
utihze dual reading, which is actually an eco- 
nonucal case-finding procedure Much work is 
needed on methods of describing lesions and 
on rational evaluation of e-xistmg classifica- 
tions It IS beheved that the accuracy of chest 
diagnostic work will be enlianced as a result 
of basic studies of the type outhned in this 
report — On the scientific evaluation of diag- 
nostic procedures, L H Garland, Radiology, 
March, 1949, 52 S09 — (TF J Steininger) 


Tuberculous Calcification — Calcification be- 
gins eaily in the development of caseating 
tuberculous lesions It may be present without 
casting the usual roentgenographic shadow if 
the lesion is not packed with calcium Of great 
chmeal importance is the fact that a lesion 
which appears calcified may still be soft, case- 
ous, and potentially dangerous — Tuberculous 
calcification — A clinical and experimental study, 
it Bloch, Am J Roentgenol , June, 1948, 59 
863 — {J E Farber) 

Clinical Studies, Nontubercdlous 
Diseases 

Beryllium Pneumonitis — When berylhum 
accidentally is mtroduced beneath the skm, 
cliromc ulcers form and persist until the 
berylhum is removed Surgeons have found 
also that beiylhum alloys are unsatisfactory 
for repaiimg bony defects and lead to the 
formation of chrome granulation tissue Ex- 
posure to dust and fumes contammg berylhum 
has resulted m pulmonary disease of two 
clmical types (I) an acute pneumonitis, and 
(8) a protiacted pulmonary fibrosis with 
emphysema Tissues from 7 patients who died 
of acute pneumonitis and from 13 who died 
of chrome granulomatosis mduced by beryl- 
hum were studied The pulmonary lesions 
m these two clmical conditions are specific 
and there is evidence of a transition from the 
acute lesions to the chrome ones In the acute 
pneumonitis there is a boggy, generahzed 
consolidation of entire lobes, simulatmg the 
stage of gray hepatization m lobar pneumonia 
Microscopically, there is diffuse mtraalveolar 
exudate composed of large mononuclear 
phagocj’tes (septal cells) and edema fluid 
Intraseptal l 5 Tnphocytes and plasma cells are 
fairly numerous also Centrolobular necrosis 
of the hver was seen m one case In chrome 
pulmonary fibrosis or granulomatosis, the 
lungs are volummous and emphysematous 
with many fine nodules scattered diffusely 
throughout them The nght ventncle of the 
heart is always enlarged Microscopically 
there is diffuse mterstitial and nodular 
fibrosis of the lungs with a pecuhar granulom- 
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matous reaction The granulomas which are 
t}'pica! of heriUiam disease are formed, in 
part, wnthin the aheohr spaces bj the 
organization of exudate, m part, within the 
septal and pentruncal connectne tissue 
Each has a central region of fibrinoid material 
or granubr debns and tins is surrounded b} 
a peripheral zone of fibrosis infiltrated bj 
lymphocjdes and plasma cells The centers 
of the granulomas are occasionally occupied 
by giant cells of the Langhans’ tj-pc There 
are conchoidal bodies in most eases, sometimes 
wathin giant cells, sometimes Ijang free in 
debns or in fibrous tissue The granulomas 
in the lungs are of the same nature as those 
accidentally produced m the skin and sub- 
cutaneous tissues — The pneumonitis and 
gramtlomalosis peculiar to bcrijlhum worlcrs, 
F R Dulra, Am J Path , Koiembcr, 19 ',S, 
24 1137 —{J S Woolley) 

Thoracic Complications of Amebiasis — 
Hepitic abscess complicates infestations bt 
Lndamoeba hislolylica in about 5 per cent of 
cases Fifteen per cent of these dciclop intra- 
thoracie complications The ratio of male to 
female patients is 15 1 for unknown reasons 
The ago range for mo^t is 20 to 50 j oars Tlie 
hepatic absccss is solitan in Co to SS per cent 
and IS m the right lobe in So to 90 per cent 
since the infection usu ill\ reaches the thorax 
b\ direct extension through the diaphragm 
and pleura and then to the lung If the pleiiril 
laxers are adherent, the lung is iniadcd 
dirccth \bsccs-es from the left lobe of the 
h\er may iinade the pericardium but rarely 
iniohctheleftlungorpleuri Harely, sahtan 
pulmonarx abscesses not adjacent to the dia- 
phngm arc seen, thc^e arc probabU embolic 
in origin In 50 per cent of cases, there is no 
prcMous histon ofdijcnten The most usual 
conip’aint is pain in the right lower chest and 
shoulder Tins i' followed In a cough which at 
first IS n mproductn'c Eater, there is hemo 
pt\--s whit'll Is followed b\ cxpccto'-ation of 
sputum which looks like chocolate or "nchoxn 
paste Tiicrc is a E‘'ptic tajic of tcmp'’ratHrc 
and tuoro are other tjxic manife-tations The 
rotntgua ig’-aai <hows a characlcn tc hump 


like localized cle\-ation of the diaphrag n, best 
seen in the lateral new If there is direct ex- 
tension into the lung i shadow is seen m the 
base of the inaohed lobe with its apex taper- 
ing off toward the hilus, this maa contain a 
caaity wath a fluid lead Tne plcuril caaitx 
maa contain fluid or air and fluid, this may be 
general or loculated If there is in abscess of 
the left lobe of tie Iner, roentgenogram of the 
stomach with barium will show it to be dis- 
placed posteriorly' and latcnlla Tnc prog- 
nosis IS worst if there is empyema, better if 
there is lung inaohement alone, and best if 
there is a broncliohcpatic fistula without 
pleuropulmonary inxolacmcnt The use of 
emetine greatly lowers the mortahta itshould 
be used for all cases of hepatic abscess w ilh or 
without pleuropulmonary compile itioiis Surg- 
ery thus may sonietmies be aa erted If dysen- 
tery is present, carbirsane or diodoqinne 
should he added If hepatic ibsccS'CN arc bulg- 
ing, they should be ahjiintcd repeatedly 
Indications for surgera arc (i) secondary in- 
fection, (2) cnijaacuia incurable ba asjiirition, 
(S) persistent communication between the 
biliara tract and bronchi and ({) fibrosis of 
pulmoniry tissue The ha cr should bo drimod 
aia an cxtriscroiis route Inenpaena, thora- 
cotomy and decortication of the lung and 
diaphragua should be done, the liaer need not 
lie driincd In pulmonary inaoiacncnt, the 
damaged pulinon ira ti-'.uo should be rc-ectwi 
localla or ba Jobectoma In pone irdi il infec- 
tion, drainage should be done Postojinr itia t !y , 
caietinc and carlnr-vone or diorio piinc should 
he giacn — Thoracic comphcctions of amc’na^is, 
R R hhaic, Surg , Gunrc A Oh~' ,Jimc, 19 ',9, 
SS 7JS — (A G Cohtn) 

Fricdlandcr’s Pneuaioaia in Infants — 
Pulmonara infection with Inedlandir's Ineil 
lus (hlcbnPla pronn onto ) ja xe-a rare in 
infants and few cas-'s Iiaae Iks"! npirteif 
The Ic^'jns appirentla fael tic rornt^no 
graphic s gns of ab ct ' or thin <’ alhd 
ciaitics '-'xm m adult Tii'’ di <■ y' nux lie 
ep'de nil- It fiiK to rt pjtil t» ■ i!f un iudfy 
an 1 pcn’tilhn 'sc ea r v •■i of atap ■'d p I’u 
moma are report's! m iidanU of thre’ a.i'ls 
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to thirteen months of age All but one had 
an insidious onset, all had signs of purulent 
bronchitis although two had normal chest 
roentgenograms, and each had a pure culture 
of K pneumoniae from the throat All failed 
to respond to penicillin and/or sulfadiazine 
but responded to the use of streptomycin — 
Pneumonia in infancy caused by Fnedlander's 
bacillus, B F Gratis, J Pcdiat , February, 
1949,34 174 — (TF H Oatway, Jr) 

Histoplasmosis in California — The occur- 
rence of a nuld subchmcal form of lustoplas- 
mosis probably is mdespread Eighty-five 
California children with suggestive clmical 
symptoms vere surveyed by tubercuhn and 
histoplasmin tests Five patients with positive 
lustoplasmin tests and negative tuberculin 
tests were found to have multiple pulmonary 
calcifications Coccidioidin tests were not 
done Four of the five children had lived or 
visited in Te\as, Wyommg, Arizona, or 
Missouri — Histoplasmosis in California chil- 
dren, Helen B Pryor, J Pediat , January, 
1949,34 IS — (TF H Oalway,Jr) 

Erythema Nodosum — ^There are tliree 
theories to e\plam the etiology of erj^hema 
nodosum (f) that it is a manifestation of 
tuberculosis, (2) that it is a s 3 'ndrome, a skin 
mamfestation of several disease processes, (S) 
that erjiihema nodosum is an mfectious dis- 
ease of defimte etiology, but that similar 
manifestations may occur “symptomatically” 
m other disease processes The author’s de- 
tailed histopathologic studies lead him to con- 
clude that erythema nodosum is an mdepend- 
ent disease of definite etiology, the causative 
agent of which is unknown It is likely that 
certam diseases predispose the body to attack 
by the causative agent of erythema nodosum 
as they do to attack by the pneumococcus and 
herpes simplex vuns Apparently tuberculosis 
is only one of several diseases that create 
conditions favorable for the agent of eryth- 
ema nodosum Other predisposmg causes are 
lymphogranuloma venereum, sarcoidosis, 
“atypical” pneumonia, certain streptococcal 
mfections, and treatment with certam sul- 


fonamides — Die Aeliologie des Erythema nodo- 
sum, G Miescher, Schweiz med Wchnschr , 
March 27, 194s, 78 269— {H Marcus) 

Linear Atelectasis — Linear atelectasis fre- 
quently occurs in association with mtra-ab- 
dominal lesions Pathologically the atelectatic 
area is discoid, roentgenographically it usually 
appears as one or more striations Typically 
these striations extend outward from the 
cardiac border in a horizontal or oblique direc- 
tion across the lower third of one or both lung 
fields Most frequently the shadows he just 
abo\e the diaphragm which is elevated and 
hmited in motion Linear atelectasis is always 
secondary to some other lesion, either mtra- 
abdominal or mtrathoracic A total of 7,064 
roentgenograms were examined, representmg 
patients hospitalized for complaints of all 
types In 29 (0 4 per cent), linear atelectasis 
was demonstrated Three of the 29 cases were 
excluded from the series because no adequate 
primary source could be demonstrated Among 
the remaimng 26 cases, there were 22 (80 per 
cent) of intra-abdommal lesions and 4 (20 per 
cent) of thoracic lesions The atelectasis 
occurred m 12 cases on the side of the involved 
organ, m 3 cases on the opposite side It 
usually was transient but at tunes persisted 
for weeks or months The presence of hnear 
atelectasis, with or without a high diaphragm, 
affords presumptive evidence of disease wathin 
the abdomen — The linear atelectatic sign in 
intra-abdominal lesions, J L Marks d A 
Nathan, Radiology, March, 1949, 52 363 — ■ 
(IF J Steminger) 

Appearance of Lungs in Mitral Stenosis — • 
Aggregations of so-called “heart failure cells” 
m the lung parenchyma have been known for 
many years but their recognition by means of 
roentgenography is new and little known 
The appearance simulates miliary tuberculosis 
The lesions probably arise because the mitral 
obstruction causes mcreased pressure m the 
left auricle and ultimately m the alveolar 
capillaries These become engorged and may 
bleed mto the alveoli Hemoglobm from the 
dismtegratmg red blood cells is converted 
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into soluble iron-free hematoidm and in- 
soluble particles of iron-contaimng hemo- 
siderin The latter, acting as foreign bodies, 
are phagocjdized and carried into the hanph- 
oid tissue of the lungs, finally reaching the 
bronchial Ijinph nodes This moirement prob- 
ably IS slower than that m pneumoconiosis 
because the chronic pulmonary \enous con- 
gestion obstructs the lymphatic drainage, 
leaaang most of the hemosiderm-laden cells 
m the alieoh They are radio-opaque and 
produce the stippling observed on the roent- 
genogram Seen through a hand lens, some 
of the minute shadows on the roentgenogram 
ore nng-like with the form of a rosette, the 
central hole being the terminal respiratory 
bronchiole — Mthary appearances in (he lungs 
in mitral stenosis Endogenous pxdmonarij 
hacmosidcrosis, T E Gumperl, Bnt M J , 
September 27, 19>,7, no 7)525 4SS—{R IF 
Clarke) 

Pulmonary Embolism — Pulmonary embol- 
ism may occur without infarction owing to the 
double circulation of the lungs The character- 
istic roentgenographic findings are increased 
radiolucency' and ischemia of the involved 
pulmonary segment Abrupt termination of 
tlic embolic pulmonary artery is frequently 
demonstrable Tins contrasts strikingly with 
the usual area of increased dcnsilv on the 
roentgenogram found m cases of embolism 
wath inhrctwn —Pulmonary embolism tnlh- 
out infarction, R Shapiro A L Rigler , Am J 
Raenteeno’ , October, 1045, 60 400 — (J L 
Farhr) 

Unresolved Pneumonia — The use of this 
term IS to be discouraged , proper studv of the 
patient usually vviU reveal the correct diag- 
nosis Bronchiectasis, atelectasis, and intra- 
bronchial disease, often in a«iOcntion watb 
pneumonia, arc commonlv responsible for so 
called unrca rived pneumonia Tnorough roent- 
geno’i*opy, b'-onchoscopv , and btmchogrvpbv 
nav dctcamne tbc undcrlvmg pathology 
lirreso'i-td " caia, C L UxnkP, Am J 
Po— o*, 1040, 61 SJ-j — (/ E 

Fcr^) 


Lipoid Granulomatosis — In 1916, a S5 
year-old man manifested general weakness 
and progressive dyspnea Chest roentgeno- 
grams m 193S and 1940 had revealed mottlmg 
throughout both lung fields A film in 1946 
showed exdensu e interstitial fibrosis through- 
out both lungs with moderate cardiac enlarge- 
ment and prominence of the pulmonary conus 
Roentgenograms disclosed a large defect m the 
right parietal region and cystic areas of bone 
destruction m both the femora and the left 
pubic bone A biopsy specimen of the right 
parietal bone had the histopathologic picture 
of lipoid granuloma of the tyqio seen m 
Schuller-Christian disease Following deep 
roentgen-rav treatment to the chest, there 
was some clearing of the pulmonary infiltra- 
tion The patient, however, began to manifest 
cardiac dccomjicnsation which lias progressed 
m spite of tbc usual therapy' — Lipoid granulo- 
matosis (xanthomatosis) inth marked pulmonary 
fibrosis and cor pulmonale as outstanding mam- 
fcsialioii, S J Schncicrson A L Schneider, 
Ann Ini Med , April, I 040 , JO S42—(IJ R 
\aycr) 

Mycotic Pulmonary Arterial Aneurysms — 
A 10 year-old lioy, who had no congenital 
defects, svphilis, or bacterial endocarditis, 
developed multiple pulmonary aneurysms Ills 
illness began with a low grade thrornbophlo 
bitis of the lower cvtrcmitics This phlebitis 
slowly extended to tiie inferior vena cava and 
the collateral circulation developed Small 
septic emboli invaded the lungs, causing 
thrombocndartcntis of the piitmon irv arteries 
who'c walls liovamc fibrotic, wcakcncfl, and 
dilated to form muUip’e, large, mycotic 
ancurv=!ms Roentgenograms «!iowcd revcral 
enlarging, den^o patch''*! in the {v^'nliilar area 
Follow ing a ••eptic course w ith rciieated h'’'nop- 
tys''s, the patient die 1 and nulojriV findinjrs 
sub/anti vied the clinical wnprev’ion —Tlrom 
bocnd'Ttmtis unSl m’d'ip'c muco’i' ffc 
of (ra'-ch^s of t’ t pJ’-oni'-j a-'rj, C L 
Pirani.F E 1 icad, Jr ,ii A L !l i''5n An 
J D t Ch>d, Apm<, 10', % 77 m —(» // 
Oc'saj, Jr) 
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Carcinoma of Lung — A total of 604 patients 
in sixteen years were diagnosed as having 
primary carcmoma of the lung The diagnosis 
was proved by biopsy in 481 cases, in the 
remainder it was established by reasonable 
climcal criteria Of the patients, 85 5 per cent 
were men Operation was advised unless (1) 
there was absolute or strong presumptive evi- 
dence that the tumor could not be resected or 
(S) the condition of the patient was too poor 
Of the cases seen, 48 per cent were explored 
and resection was done m 27 per cent In 
recent years, 51 per cent were explored and 32 
per cent resected The cases were divided mto 
3 groups (1) no demonstrable extrapulmonary 
extension, (S) lymph node metastases only 
(gross or microscopic) and (S) gross evidence 
of extension The average survival period of 
cases known to have died was 4 4 months for 
the inoperable group and 11 3 months for the 
group resected with no apparent extension 
Among the resected cases, 24 4 per cent of 
those operated upon five or more years ago 
and 60 per cent of those operated upon one 
year ago or less are still alive Of the cases 
resected with no apparent ex-tension, 90 9 per 
cent of those operated upon duimg the past 
year were still alive, as were 33 3 per cent 
operated upon one to five years ago and 40 
per cent of those operated upon more than 
five years ago If operative deaths are ex- 
cluded, the percentages rise to 100, 40, and 
50, respectively The average sunnval tune of 
those dying postoperatively was 11 1 montlis, 
the longest time 28 months If there w'as 
lymph node extension only, two-sevenths were 
alive more than two years later and 20 per 
cent were alive after five years The average 
survival time of those dymg w'as 9 6 months, 
the longest time 23 months In the cases with 
gross extension, palhative resection was per- 
formed for many, in 24 cases, all detectable 
tumor tissue was removed Only one of the 43 
patients w'as alive after one year The average 
duration of life was 10 months and the longest 
survival period was 29 months The procedure 
of choice was pneumonectomy, except m 8 
aged persons with a localized tumor, for whom 
lobectomy was performed Four survived 


more than two years but all are dead, 4 
operated less than two years ago are all livmg 
The pathological types were (I) undifferenti- 
ated, (£) carcinoma rising from glandular 
epithelium and (S) epidermoid The foUowmg 
statistics pertam only to those patients who 
survived the operation In the group with 
undifferentiated carcmoma, none was livmg 
after three years The average duration of hfe 
W'as 9 3 months and the longest survival 29 
months In the adenocarcinoma group, one of 
6 IS alive after three years, the average dura- 
tion of life was 10 2 months In the carcmoma 
simplex group, none is alive after one year, 
the average duration of life was 7 3 months 
In the epidermoid group the results were 
grade I, 40 per cent ahve after two years, 
37 5 after tliree years, 40 per cent after ten 
years, with an average survival time of 15 1 
months and a maximum of 27 months, grade 
II, 44 4 per cent aliv'e after three years 50 per 
cent after five years, with average survival 
time of 12 9 months and a maximum of 24 
months, grade III, 50 per cent alive after five 
years, with an average survival time of 8 4 
months and a maxmium of 28 months Alto- 
gether 10 patients are livmg after five years 
No patient who lived for 30 months later died 
of the disease — Survival in primary carcinoma 
of the lung, R H Overholt <L I C Schmidt, 
New England J Med , March SI, 1949, 240 
491 — (A G Cohen) 

Cytologic Diagnosis of Lung Cancer — 
From 671 cases of suspected lung cancer or 
undiagnosed chest disease, 2,228 sputum 
specimens or bronchial aspirates were sub- 
mitted to cytologic examination Of these 
671 cases, 100 prov'ed to be carcmoma of the 
lung Sputum from 89 of the 100 proved 
cases W'as examined and cells “consistent 
with malignancy” or “suspicious” were 
found m 63 (71 per cent) Secretions obtained 
bronchoscopically from 45 proved cases were 
studied and positiv'e findings were reported 
m 26 (58 per cent) It was found necessary to 
examme at least 3 slides from each of 5 daily 
sputum specimens before the cytologic cx- 
ammation could be considered adequate 
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When these complete studies ivere made, the 
accuracy of cjiclogic diagnosis was mcreased 
to 90 per cent (63 of 69 pro\ ed cases) On the 
other hand, the number of specimens e\- 
amined i\as inadequate in 20 of the 26 proa cd 
cases missed by sputum exammation, m 
12 cases a single specimen was submitted 
WOien sputum and bronclual aspirates from 
the same cases were examined, the results 
were comparable The relatu e case vs ith wluch 
sputum smears maj be prepared makes this 
diagnostic procedure available where ade- 
quate diagnostic facilities, such as bronchos- 
copy, are lackmg However, the technique 
of cvtologic cvamination has definite hnuta- 
tions and further evaluation under ngid 
mvestigative control is neecssarv before it 
can take its proper place m the diagnosis of 
bronchogenic caremoma — Diagnosis of bron- 
chogenic carcinoma by cytologic methods, S M 
Farb’'r, M A BemofJ &. A K McGratii, 
Jr , Radioloiy, ipnl, 191,9, S2 oil — 
(IK J Staninger) 

Aspiration Biopsy of Lung Lesions — 
Dunng the years 1936 through 1947, the 
authors perfonned needle biopsies on 272 
lesions of the lung, in 231 patients Of these 
patients, 220 were suspected of having 
bronchogenic carcinoma not accessible to 
bronchoscopy In 11 patients, the biopsv 
was done for other suspected intrathoracic 
lesions but lung tissue was traversed Oi the 
220 patients, 103 were proved to have car- 
cinoma of the lung by a definite pathologic 
report on material obtained b\ needle biopsy, 
by subsequent bronchoscopie biopsv , or by 
cxploratorv thoracotomv which was u'cd as 
the final its^ort, 13'j were proved to have 
pulmonarv carcinoma by needle b opsv 
Tiic positive dngnosis rate was, therefore, 
approxim itch 61 jv'r cent Tiicre w us one 
fake po'-itive result Tiic method lent it-elf 
c'^Keidlv wc'l to soft carcinomas lontcyl 
pcaphcrallv in the lung Tiicre wa' little 
surecs- in dngnosing fim, 'olid, I'^nign 
Icj ms or Umphobla-tOiiia'' The precrxlure 
US ^ i.ip’o b it rot without ha’anl ind *’iouId 
!>•' i’«e<l onlv vl ,n a d''‘‘nite d'acno''^« of 


caremoma cannot be made by bronchoscopv 
or sputum analy sis Complications dev eloped 
following 20 (7 3 per cent) of the ne^lo 
biopsies Three patients died shortly after 
the procedure one from tension pneumo- 
thorax, one from shock and convulsions, and 
the third from coronary thrombosis There 
were only two serious pneumothoraces, both 
m patients wath marked emphysema which 
makes the procedure hazardous One patient 
developed a central facial palsv within seven 
days and died liter of metastatic tumor 
No case of empvoma developed and there 
was no evadcnce of the spread of tumor along 
the needle track The method is relatively 
useless unless a bipl me or multiplane fluoro 
scope and a competent fluoroscopist arc 
available The pathologist must be willing 
to make a diagnosis from a very small speci- 
men — Value and limitations of aspiration 
biopsy for lung lesions, G P Rosemond, ir 
E Burictt li J H Hall, Radio'ory, April, 
1949 , S2 50G — (IT J Stciningir) 

Djsgerralnoma — Invasion of pulmonarv 
tissue by dvsgcrminoma has been demon- 
strated onlv rirclv in the living jiaticnt 
\ tS-y car-old white woman survived seven 
and one half vears after rcmov il of a dvs- 
gcrininoma followed bv deep roentgen ir- 
radiation and male sex hormone theripy 
V pulmonarv lesion was first noted on a chest 
roentgenogram taken two and three quirtcr 
years iftcr operation for the priinarv tumor 
The progres.-! and growth of this lesion was 
followed for four years Good pilhition was 
obtained from the ndministriti'in of tc^tos 
tcronc propnonatc over a two vi ir jicmd 
dunng which time the p ilmonan im tastas^ 
slowlv grew larger Later, misiia-tinal in 
volvcmcnt was dc iion'-tratc<l ' ith mv vm m of 
tic opposite lung Tie lung meta**'re» re 
grcsseii le--, than 30 p"'' cent f tllo mg a r^s 
of deep rocntgrii treatn ent- Ot' e - 1 utv'ta"^ 
occurreil m thi « up-ad'’ vi'-iih'-, in,,uinal, 
aMominal, -nc iia-tiri d, and r I- ip n'o-' a> 
Ivmph ghn k, the kr'revs, -r;,! t',, 

rr» H of tre it"-'— ■' t- 0 im ’ e< ,n 
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and mah sex hormone, P E Russo J W 
Kelso, Radiology, Mareh, 19^9, 52 SG7 — 
(TT’’ J Sicininger) 

Massive Pleural Tumor — ^I^nmarj' tumors 
of the pleura, cither diffuse or localized, are 
the least common intrathoncic tumors The 
diffuse tumor is the mesothelioma uhich is 
malignant and not resectable Localized 
tumors anse from the subpleural connective 
tissue laj ers Those on the parietal side often 
shou a tendency touard infiltratue growth 
and metastases Tumors arising from the 
aasceral pleural surface include the sarcomas 
which may be pedunculated and show little 
tendency to infiltrate or to metastasize 
although they are considered sarcomatous 
Thej are easily removed and cause death 
only because of the gigantic size to winch 
they may grow When small, such circum- 
scribed tumors are diagnosed wath difficulty, 
if at all, without exploration Aspiration 
biopsy may aid Bronchoscopy shows no 
lesion A lobulated fibrosarcoma weighmg 
3,230 Gm was successfully removed from a 
52-year-old woman Over two years she had 
gradually developed mcreasing dyspnea on 
exertion which culminated in severe orthopnea 
with congestive failure A chest film taken 
ten years prevnously showed a lobulated 
density in the nght lower lung field Serial 
chest films showed gradual progressive en- 
largement of tlus density and at operation 
the encapsulated tumor nearly filled the 
entire hemithorax The signs and symptoms of 
congestiv^e failure due to mechanical en- 
croachment upon the left auricle disappeared 
promptly after the tumor was removed Fol- 
low-up examination nearly three years after 
removal showed the patient to be well and 
asymptomatic with no evidence of local re- 
currence of the neoplasm — Ftbrosareoma of 
the pleura mechanieally eausing congestive 
cardiac failure Successful surgical removal, 
I A Sarot, Quart Bull , Sea View Hasp , 
July, 1948, 10 109— (K T Bird) 

Hamartoma of Lung — Hamartomas of 
the lung are tumor-like masses contammg 


some or all of the normal histological ele- 
ments w Inch make up mature bronchi or lung 
tissue, quantitatively grouped in abnormal 
proportions so that one tissue element, 
usually caitilage, piedominates The tendency 
of hamartomas of the lung to undergo calcifi- 
cation or ossification is impoitant from the 
roentgenological pomt of view Large hamar- 
tomas which contain calcium or bone can be 
diagnosed with reasonable accuiacy from 
roentgenograms alone Small lesions which 
arc of more common occurrence are more 
likely to simulate metastatic nodules or 
primary bionchogemc carcinomas and they 
cannot be diagnosed specifically from the 
roentgenograms (Author’s Summary) — 
Roentgenologic significance of hamartoma of 
the lung, TF C Hall, Am J Roentgenol , 
November, 1948, 60 605 — (J E Farber) 

Gangrene from Grass — ^Aspiration of 
timothy grass into the tracheobronclual tree 
IS common The grass is progressively pro- 
pelled into the lung periphery, severe and 
prolonged complications may follow, in- 
cludmg lung abscess, suppuration, bron- 
chiectasis and, rarely, gangrene A case is 
presented m which, for the first time, gangrene 
IS reported as a sequel An infant of 21 months 
swallow'ed some timothy hay, developed 
pulmonary suppuration, failed to respond to 
bronchoscopy and surgical drainage, and died 
37 days after the onset Autopsy demon- 
strated a diffuse purulent bronchitis, lung 
abscess of the right lower and middle lobes, 
and gangrene of the upper lobe — Pulmonary 
gangrene of a child following aspiration of 
timothy grass, D J Judge, E C Rice, & 
E W Dams, J Pediat , January, 1949, 34 
87 — (TF H Oatway, Jr) 

Obstruction of Superior Vena Cava — 
Of 250 cases of superior vena caval obstruction 
reported from 1904 to 1946, 145 were proved 
by autopsy or operation, the remainder were 
diagnosed on good chmeal evidence The 
tlun-walled superior vena cava is easily 
compressible Its close proximity to the aorta 
and tracheobronchial structures makes it 
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highly XTilnerable to an extension of inflam- 
matory or neoplastic processes from these 
areas The nglit anterior mediastinal and 
right laterotracheal chams of lymph nodes 
are also intimately associated with this xein 
Increased collateral circulation is an im- 
portant consequence of cai al obstruction and 
involves cliiefly the mternal mammary, 
vertebral, azygos, and lateral thoracic \eins 
Of 16G patients whose sex is leported, 79 5 
per cent were men The lughcst incidence is 
between the ages of 30 and 60 years The 
three most common causes were mahgnant 
primary thoracic tumors (29 6 per cent), 
aortic aneurj'sms (24 0 per cent), and chronic 
fibrous niedustinitis (248 per cent) The 
latter mcludes tuberculosis, sj^philis, and a 
group of diseases whose cause is unknown 
From 1904 to 1946 the mcidence of syphilitic 
mediastmitis m this series dropped from 28 6 
to 0 9 pel cent In the nonspecific group of 
chronic fibrous mediastmitis it is probable 
that a trauma or respiratory mfection leadmg 
to inflammation of the tracheobronchial 
lymph nodes plaj^ a role Smoe 1904, 19 
cases of locahzed plilebitis with tlirombus 
formation have been reported The chief 
clmical manifestations of superior caval 
obstruction are evidence of the mcreased 
\enous pressure in the regions drained by 
this vem and mclude edema of uppei extremi- 
ties, head and neck, cyanosis, dyspnea, 
headache, and chest pain Hoarseness, 
dj'sphagia, and convulsions may be present 
Diodrast Msualization is valuable m revealmg 
the site of obstruction but is rarely needed 
to make the diagnosis Treatment is directed 
at the underlying disease In chronic 
mediastmitis, mediastonotomy with release 
of any constrictive bands is mdicated Re- 
peated phlebotomies may afford sjinptomatic 
relief The prognosis varies with the under- 
lymg disease and some patients with good 
collateral cuculation have siunved for many 
jears — Obstrvdton of the superior vena cava. 
A review of the hteral-itre and report of two 
personal cases, F T Mdntire A E M Sykes, 
Jr , Ann Jnt Med , May, 1949, 39 925 — 
(H R Nayer) 


Traumatic Bronchial Rupture — Severe 
chest injunes ma}' cause tears m the mam 
stem bronclu at or close to the bifurcation of 
the trachea When tliis occurs, the patient 
usuall> reveals shock, dj’spnea, anoxia, 
interstitial emphysema, and cough IlTiereas 
such accidents maj cause death, patients 
have sunived the immediate effects of their 
mjury to develop posttraumatic bronchial 
occlusion with pulmonary collapse Eoutme 
roentgenograms of the chest unmediately 
after injury may re\ eal fractured ribs, mter- 
stitial emphj'sema, pneumothorax, pulmonary 
compression, and mediastinal shift Later, 
when bronchial occlusion is complete, the 
classical roentgen manifestations of pulmonarj' 
collapse deielop Bronchogmms reieal a 
cup-shaped bhnd pouch at the site of the 
occlusion Substemal distress and dyspnea 
occur commonlj m patients with post- 
traumatic bronchial occlusion (Authors' sum- 
mary ) — Tranmaiie bronchial rupture with 
occlusion, P J Hodes, J Johnson &. J P 
Atkins, Am J Roentgenol , October, 1948, 
60 448 — (J E Farher) 

Angiocardiography of Great Vessels — 
Conventional roentgen measurement of the 
great vessels is mdirect, often maccurate, 
and not well standardized Angiocardio- 
graphic measurement of the great vessels is 
simple, accurate, and capable of standardiza- 
tion The cahber of the ascending aortic arch 
gradually increases wuth age It axeraged in 
this senes 28 6 mm and ranged from 16 mm 
to an upper limit of 38 mm A simple and 
satisfactory evaluation of the pulmonary 
artery may be found in measurement of the 
nght pulmonary artery m the frontal pro- 
jection In tills senes it averaged 23 4 mm 
and ranged from 17 to an upper lunit of 30 
mm It IS anticipated that larger senes of 
angiocardiographic measurements will supple- 
ment this prelimmary report (Authors' 
Summary) — The angiocardiographic measure- 
vient of the normal great vessels, C T Bolter 
<£ / Steinberg, Radiology, March, 1949, SB 
SBS — (If J Steininger) 
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ANTIMICnOBIAL TuER\r\ 

Stroptomycln In Tuberculous Enteritis — 
Thirty-three cases of tuberculous cnteiitis 
were treated wth streptomycin m a coopera- 
te e study imolvang 15 Veterans Administra- 
tion hospitals Intestmal sj niptoms had been 
present for an awrage of fi\ c months before 
streptoinj’cin therapy The mean known 
duration of the cocMsting pulmonary disease 
u as mnetcen months The daily intramuscular 
streptomycin dose varied between 10 and 
2 0 Gni , at the present time 1 0 Gra is recom- 
mended m 2 doses Nineteen patients com- 
pleted courses of 60 to 120 dry's Fourteen-day 
courses were used in 6 cases for symptomatic 
rehef only' Eight cases are still under treat- 
ment Or^ treatment, 2 Gm daily in 5 doses, 
was used in 2 patients for 66 and 120 days 
and in 3 patients for sei en to fourteen days 
Intramuscular streptomycin was uniformly 
effective in the relief of sy’mptoms of tuber- 
culous enteritis hlaximum subjective benefit 
was reached within one week m the majority 
of cases Relief of diffused and localized 
tenderness, ngidity, and distention followed 
witlim a few day's With oral streptomycm 
four to Biv weeks of treatment were required 
for complete rehef of symptoms Intestinal 
symptoms recurred m 2 out of the 33 cases 
A larger senes and a longer follow-up will 
be necessary before the rate of remission can 
be established Of the patients whose treat- 
ment had been completed, the average follow- 
up was BIX and one-half months The roentgen- 
ray reports were summarized in 17 cases 
All showed abnormalities before treatment 
In 6 of this group tlie findings returned to 
normal after treatment In 8 cases defimte 
improvement was seen but some residual 
deformity remamed Two cases showed 
marked residual abnormahty and one case 
developed signs of small bowel obstruction 
A return to radiologic normalcy can be ex- 
pected provided the abnormalities are pri- 
manly those of local irritation (le spasm, 
hypermotihty', loss of haustrations, mucosal 
irregulanty, and others) Wliere ulceration 
has been deeper, more widespread, and of 


longer duration, and where lymphatic ob- 
struction and interstitial inflammation have 
destroyed normal arclutecture of the bowel 
wall, radiologic changes may persist and 
there may' be further distortion due to cica- 
tricial contraction — Slreptomyan in the treed- 
mcnl of lubercitloits cntenlis, a report of thirty- 
three cases, E F Mason, IF TF Kndel- 
battgh, TF H Crouch & M Ward, Am J 
M Sc, January, WJfi, 217 S8 — (IF J 
Steininger) 

Streptomycin and Clotting Time — ^The 
effect of streptomycin on the blood clotting 
and prothrombin times of 21 patients with 
pulmonary tuberculosis was studied by modi- 
fications of the Lee-Wlute and Quick tech- 
niques A closely parallel senes of 21 phthisic 
patients sened as a control Each patient 
m the streptomy'cin group received 0 5 Gm 
of streptomycm twice daily for 120 days No 
correlation between the age, activity or 
extent of the tuberculosis and the clotting 
or piotlirombm tmies w'as found m either 
the control or streptomycm groups Two 
metiiods of investigation were used ( 1 ) 
tests were made durmg the same hours on 
different days over a period of several weeks, 
(J3) serial tests weie performed prior to and 
at 15, 30, and 90 mmutes following the m- 
jection of streptomycin or of distilled water 
No significant effect upon the prothrombm 
tune could be demonstrated by either method 
but the data suggests that streptomycm 
exerts an anticoagulant effect particularly 
at 90 minutes after injection There is no 
ei'idence that the tuberculous process itself 
affects the behavior of tlie clottmg and 
prothrombin tunes in response to streptomycm 
but this possibility was not excluded — 
Effect of streptomycin on Uood-cloUing time 
and prolhromhm-iime in man, L Elson, Am 
J M Sc, April, 1949, 217 421 —{W J 
Steininger) 

Para-aminosalicylic Acid for Tuberculosis 
— ^Ten patients with pulmonary tuberculosis 
were treated wath para-ammo salicyhc acid 
for penods of three months They were all 
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young indmduals ^nth extensne bilateral 
progressne disease with toxic manifestations 
of the disease At first the daily dosage was 
5Gm every SIX hours Later a neeklj' schedule 
was arranged of 30 Gm daily for the first 
two da 3 's, 20 Gm daily for the nex-t four 
daj's, and no drug on the seienth day All 
patients de\ eloped gastro-intestinal S3m3ptoms 
winch laried in severity with the dosage of 
the drug One patient developed a rash In 
almost one-half of the cases, there was some 
chnical improiement but m no case was 
there complete clearing Some patients had 
only a decrease in toxemia — Para-amim- 
aahcyhc and, E A Joules A E Nassau, 
Tubercle, May, 1949, 30 9S — (A G Cohen) 

PAS for Bronchial and Urinary Tuber- 
culosis — ^The authors treated tuberculous 
tracheobronchitis and genito-unnary tuber- 
culosis with para-aminosahcjdic acid (PAS) 
Five patients who had extensive tracheo- 
bronchitis with ulceration and hj^ierplasia 
received a total dosage of 97 to 722 Gm The 
daily dosage was between 12 and 15 Gm 
given contmuously or m mterrupted courses 
of four da}'s each Sjuaptoms decreased after 
treatment for seven to ten dal's and broncho- 
scopic improvement was obsened after two 
to tliree weeks In patients who had had 
previous streptomycin treatment with residual 
stenosis, a good result was aclueved with 
PAS and dilatation Tuberculosis of the 
genito-urinar}' tract was treated m 12 pa- 
tients The results were good in disease of 
the lower tract, tuberculous cystitis respond- 
mg most readily The kidnej' lesions were 
not influenced One month of treatment was 
sufficient to allay the distressing dysuna 
and frequency m 9 of the 12 cases En- 
couragmg results were seen m certam cases 
of pulmonary tuberculosis, 20 of 40 patients 
with progressive lesions were markedly im- 
prox'ed Of these 20 patients, 15 had per- 
manent loss of bacilh from the sputum In 
5 cases of pleurisj' with effusion, no effect 
of PAS was demonstrable In tuberculous 
memngitis a combination of streptom 3 'cm 
and PAS treatment was used with good 


results In these cases PAS was gii-en by a 
continuous duodenal drip of a 5 per cent 
solution in sahne It is felt that treatment 
with streptom 3 'cin and PAS simultaneously 
ma 3 ' give better results in the treatment of 
tuberculosis than when either drug is gnen 
alone — Die Therapic der Tubcrkulose mU 
PAS {Paraannnosahcylsaure) mit bcsoiiderer 
Berucksightigung der Bronchial under Nieren- 
tubcrlulose, R Hug, S Mocschhn A E 
Tanner, Schueiz med Wchnschr , April S3, 
1949,79 S5S—{H Marcus) 

Infection after Pulmonary Resection — 
From 1942 to 1947, 427 patients were sub- 
jected to pneumonectomy or lobectomy at the 
Massachusetts General Hospital Sulphon- 
amide drugs were used throughout tins 
period and pemciUm was mtroduced m 1944 
Durmg this interval, the use of tourniquet 
hgation of the hilar strictures was replaced 
more and more by mdu'idual hgation Anotlier 
techmeal adi'ance was the careful suture of 
the bronchus and the cappmg of the closed 
stump wuth a pleural flap Resection was 
performed for many diseases, particularly 
broncluectasis, abscess, tuberculosis, and car- 
emoma In si-x 3 'ears, the gross mortality for 
pneumonectomy fell from 21 4 to S3 per 
cent and for lobectomy' from S 7 to 2 9 per 
cent In 1947, there were no deaths from 
sepsis In the firet fi^e y'ears the empy'ema 
rate dropped from 21 4 to 3 7 per cent for 
pneumonectomy' and from 27 7 to 2 0 per 
cent for lobectomy In 1947, the rates were 
21 7 and 1 5 per cent respectu'cly In 1944, 
one-half of the patients who died had em- 
pj'ema Thereafter, this mcidence gradually 
dechned to zero In cases of bronchiectasis, 
the patients are treated preoperatu ely with 
aerosol penicillm to wluch streptomycm 
sometmies is added If empy'ema develops, 
daily' aspiration and instillation of penicillm 
IS often helpful, penicillin has hastened the 
cure of bronchopleural fistulae Sulphonamide 
drugs reduced the empyema rate and penicillm 
did even better, but a combmation of both 
IS best Each y'ear, the length of hospital 
stay' has gradually' shortened The preopera- 
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tuc routine now i*! to j;i\e 100,000 units of 
li^nicillin c\on eight houn- iind 0 2) Gm of 
streptoimcin four tunes n for two d'ws 
If fc\cr iv pre^ont, thc^e iivu bo gi\cn longer 
If there is copious e\pcctorntion, 50,000 
unit* of jwnicilhn in one cc of inline nre 
given ns nerosol four tunes n dn\, strepto- 
invcm inns be ndded Before closing the 
chest, 100,000 units of penicillin end 1 0 Gm 
of streptomjcin dissolved in 30 cc of saline 
arc left m the pleural cavits The injection 
of both drug* is continued for five to siv 
dav * — Tie O’currcncc of infection after pul- 
1 ,on<ir!? rcwtion, C C Miller d. R U Suxcl, 
iYcir I'nnlaad J Med , Apnl 14, 1049, 240 
SS9—{A G Cohen) 

LAnoiiAToni Studus 

Dubos Medium for Streptomycin Sensi- 
tivity Tests — Tulicrclc bacilli were leolitcd 
from 140 tuberculous patients prior to treat- 
ment with «trcptomvcm using egg hlints 
and a Dubos albuinin-Twcen medium, the 
latter containing 10 units of penicillin per ml 
Subcultures then were grown m tubes of 
Dubos medium containing various amounts 
of streptomycin Cultures that grew on the 
Dubos penicillin medium wore planted directly' 
into the tubes containing strcptomvcin 
The egg cultures had to be subculturcd m a 
Dubos broth before being used for the sen- 
sitivity tests Of the 140 cultures 138 were 
sensitive to one unit or less of streptomycin, 
one to 2 units and one to 3 units It is con- 
cluded that this Dubos medium is satisfactory' 
for testing the streptomycin scnsitivaty of 
tubercle bacilli and that most strains isol ited 
before treatment are highly sensitive to the 
drug — Baltic of Dubos medium in tests for 
strcplomyan scnsxhnly of Mycohaclcnum tuber- 
culosis, M Mollov &. A Oshinsky, Am J 
Chn Path , J anuary 1949, 19 67 — (J S 
Woolley) 

Kinetics of Benzoic Acid Oxidation — 
The kinetics of the oxidation of benzoic 
acid by Mycohaclcnum iuberculosis BCG 8240 
were analyzed Six consecutiv'e monomolec- 
ular reactions were postulated and the 


velocity constants given Oxidation began 
with a litent period during which adaptive 
cnzvmas were formed Tins latent period 
became shorter or vanished if the bacteria 
were treated prcvaously with small amounts 
of benzoic acid Enzymes gradually disap- 
peared m the absence of benzoic acid The 
effett of streptomycin was to depress equally 
all stages of oxidation Tlx hnclics of Ihc 
oxidation of benzoic acid by certain myco- 
bttclena G S Vadie, F Bcrnhcim, d. R 
J Fitzgerald J Biol Chem , Noi ember, 
19'tS,176 SS7—(F B Seibert) 

Bronchial Arteries In Bronchiectasis — 
In the normal lung, anastomoses mav occur 
between the two arterial systems but inter- 
artcrial communications arc more common m 
the presence of disease A study of the bron- 
chial arteries by l^ood and Miller showed 
that frequent enlargement of these aitcries 
and numerous large anastomoses with the 
pulmonary artery were present m subjects 
with tuberculosis They also occurred m 
association with chronic passive congestion, 
Ayerza’s disease, silicosis, emp'iy'sema, 
asthma, and "congenital cystic disease” of 
the lung One instance in a case of bronchiec- 
tasis was mentioned In the present study 
observations arc reported on IS specimens 
of lung removed surgically' from patients 
with bronchiectasis and prepared as colored 
casts by' the V'lnylite corrosion technique 
In 15 of these specimens great enlargement 
of the bronchial arteries and numerous 
anastomoses of these vessels with the pul- 
monary arteries were observed The communi- 
cations were multiple and usually occurred 
m the walls of the bronchiectatic sacs of the 
fourth order or more distal branches of the 
segmental bronchi In half of the specimens 
the anastomoses were 10 mm or more in 
diameter The enlargement of the bronchial 
vessels was associated wath the dev'elopment 
of granulation tissue duiing the pneumonitis 
that usually precedes bronchiectasis and 
with the increased metabolism of l^er- 
tropbied muscle and hyperplastic lymphoid 
tissue The anastomoses may represent per- 
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Bistent commumcatmg channels onginatmg 
in the granulation tissue which received 
vessels from both the bronchial and pul- 
monary arterial systems The anastomoses 
are so large and numerous as to suggest that 
they have physiologic importance (1) m 
shunting pulmonary arterial blood away 
from the diseased tissue into relatively intact 
parenchyma where the pulmonary^ blood 
pressure is presumably lower, and (S) m 
producmg hsTpertension m the pulmonary 
circulation — Enlargement of the hrondnal 
arlenes, and their anastomoses witJi the pul- 
monary arteries in bronchieciasis, A A 
Liehow, M R Hales <L G E Lvndshog, Am 
J Path , March, 19^9, 25 211 — (J S 
Woolley) 

Oil Pneumonia — k controversy m the 
hterature has occurred as the result of differ- 
ent obsenmtions on the effect of aspiration 
of peanut kernels, peanut extracts, and other 
peanut products It has been shown that 
simple, neutral vegetable oils such as iodized 
sesame, poppyseed, and ohve oils produce no 
reaction or mjury to the lungs In the present 
experiments peanut oil was mtroduced mto 
the bronchial tree of rabbits Lipid pneumoma 
was produced but it cleared m ten days 
leaving oil-contammg macrophages The 
phagocytes remamed for ten weeks or more 
although no harm to the lung structure oc- 
curred These results demonstrate the lack 
of a marked toxicity of peanut oil — Expen- 
mmial peanut oil pneumonia in rabbits, W 
G Gobbel Jr , Am J Dis Child , February, 
1949,77 175 — (IF H Oatway Jr) 

Fluorescent Microscopy of Tubercle 
Bacilli — Fluorescent microscopy, usmg the 
auramme stam for the detection of acid-fast 
bacilli, has not replaced the Zielil-Neelsen 
techmque as confidently predicted Letters 
were addressed to the directors of 4S state 
health department laboratories and 39 replies 
were received These rephes revealed that 
only 24 laboratories had experimented with 
this method and m only 2 of these was it now 


bemg used routmely as superior to the con- 
ventional Ziehl-Neelsen technique The pres- 
ent paper discusses the application of the 
method to sputum exammation If the 
hghtmg and staining (auramme) are satis- 
factoiy’, thm smears from untreated specunens 
of sputum give optmium results, mcludmg 
good fluorescence, httle interference, and 
few at 3 ’pical bacilli or artefacts A dirk room 
IS essential to reduce mteifermg outside 
hght and minimize fatigue The bacilli may 
be mjured bj' mechanical handhng of sputum 
and bj’- chemicals or heat Such injurj' mtro- 
duces mterfering fluorescence winch tends 
to reduce or blur the sharp bnlhance of the 
bacilh and to induce fatigue of the worker 
This fatigue was the mam reason given by 
the laboratory^ directors for discarding the 
method Phenol mtroduces no undesiiable 
effects and appears to be satisfactory as a 
storage or shippmg medium for sputum 
Cresol and Ly^ol, however, are unsatisfactory 
as shippmg mediums, Ciesol because it 
mtroduces interfeiing fluorescence, Lysol 
because of apparent dissolution of the bacillus, 
reduction m number of vosible organisms, 
and alteration in morphology' Centrifuga- 
tion mcreases the number of mterfermg 
fluorescent particles more than any other 
smgle factor tested — Limitations of fluores- 
cent microscopy for detection of acid-fast 
bacilli, H E Lind, Am J Chn Path , 
January 1949 , 19 72 — (/ S Woolley) 

PuBUC Health aad EpiDEJaoLOQX 

Overcrowding and Tuberculous Mortality 
— ^Although the mortahty from tuberculosis 
m the Netherlands is among the lowest in 
the world and is still fallmg, there is an 
alarmmg mcrease m the number of active 
cases reported m that country' The great 
post-war shoitage of samtarium beds has 
made it necessary to treat many mfcctious 
cases at home, but the sev ere housmg shortage 
has mcreased the public health risk from each 
case so treated Nearly 150,000 persons have 
no Imng quarters in regular dwellings In 
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1917 the average number of persons per room 
was 4 5m some regions, the national average 
was 0 9 per room During the latter part of 
19-lS, visits Mere made to 819 homes of 
tuberculous patients in five cities of various 
siECs to study the housing of such persons 
Of the patients, 299 (37 per cent) were in- 
fectious and there vere children under 16 
j'cars of age in 140 of the families of such 
patients There was no separate room for 99 
of the infectious persons and 72 did not have 
e\en a separate bed, 79 of the families lived 
“doubled up” with other families A similar 
sur\oy in Amsterdam during April, 1949, 
reiealed that in 1,933 families, there were 
2,046 patients with tubercle bacilh in the 
sputum and 351 persons mth actiic tuber- 
culosis but mthout detectable bacilli These 
families included 6,094 adults and 1,667 
cluldren under the age of 15 Of the 2,046 
infectious patients, 771 slept in separate 
beds but vath other persons in the same room, 
93 with children under 15 in the room Another 
303 patients slept nith other persons m the 
same bed, another 126 slept in the family’s 
hving room Of the 1,933 families, 209 lived 
“doubled up ” The solution obviously must 
be the creation of more housing units and 
more sanitanum beds — Onderzoek naar de 
womngloeslanden van Ihuts vcrplcegde iuber- 
cidose-palientcn, die ondcr toezicht slaan van 
de consnltahebureau’s te Eindhoven, Den 
Haag, Maastricht, Nijmegen en Venray, A 
E G de Vnes Bruins, Tegen de Tuberculose, 
May-June, 1949, 45 60 — {J van der Vote) 

BCG for Students — At the Cook County 
Hospital m Chicago 142 nursing students 
have been vaccinated with BCG since 1940, 
each had a normal chest roentgenogram and 
a negative reaction to 1 mg of OT during 
her first week of traimng None of this group 
has developed tuberculosis although they 
were allowed to work in the tuberculosis 
umt A control group of 199 nonreactors who 
were not vaccinated was not allowed to have 
contact with knoivn tuberculous patients but 
3 of the group developed the disease Three 


other cases developed dunng the same period 
among 286 nurses who reacted positively to 
tuberculin at the start of training In a group 
of 109 medical students who were vaccinated 
at the University of Illinois since 1939, no 
case of tuberculosis has developed, 4 cases 
developed in the nonvaccinated group — 
BCG vaccination among medical and nursing 
students, E E Irons, Am J Dis Child , 
March, 1949, 77 S76 — H Oatway Jr) 

BCG Usage In Chicago — ^The continuous 
study of BCG for 13 years in Chicago repre- 
sents the longest project of its kind in the 
United States It has shoini BCG to be safe 
From a gioup of nenbom infants in a heavily 
infected environment, 1,417 were vaccinated 
and 1,414 were used as controls ovei a ten- 
year-penod Chest roentgenograms of the 
vaccinated group showed that 11 developed 
tuberculous lesions, and one child died, 39 
lesions appeared in the nonvaccinated gioup 
and 7 deaths occuried In a second group of 
infants from tuberculous households vac- 
cinated and control mfants were isolated m 
foster homes Two lesions and no deaths 
occurred in the 151 vaccinated children, 
5 lesions and 4 deaths occuried m the 105 
controls A tlurd group was made up of 
cluldren under 10 yeais of age, all living m a 
single housmg project Of these children 699 
were vacemated dunng a 5-year period, no 
case of tuberculosis developed In 625 non- 
reacting alternately selected controls, there 
were 4 cases of the disease Among 275 
positive reactors in this tlurd group, 2 lesions 
and one death occurred It is suggested that 
only the portions of the population most 
likely to be infected be vacemated The most 
efficient approach is through schools and 
nurseries — BCG vaccination in Chicago, R 
A Black, Am J Dis Child, March, 1949, 
77 SSI — (IF H Oatway Jr) 

Mass Surveys — ^Approximately 500,000 
persons in Washington, D C , were examined 
in a chest roentgenogram survey during 1948 
Of this number, one per cent was found to 
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have definite tuberculosis and another 1 4 
per cent had suspected tuberculosis In 
addition, 1 4 per cent were thought to ha\e 
cardiac or other abnormahties hlore than 
6,000 of the cases of definite tuberculosis were 
new, 83 to 85 per cent were mmimal — 
Some viedical and roentgenological aspects of 
mass chest surveys, A C Chnstie, Am J 
Roentgenol, February, 1949, 61 147 — (J 

E Farber) 

Tuberculosis Among Students — A con- 
tinuous program of tuberculosis control has 
been conducted at the University of Penn- 
sylvania. where the average annual enrollment 
has been about 6,000 Durmg the past fifteen 
years, 177 students were found to have 
pulmonary tuberculosis In 1931, 48 per cent 
of the entering students vere tubercuhn- 
positive, m 1946 onl 3 '^ 28 per cent were re- 
actors m spite of the fact that the average 
age of the latter group was considerablj’- 
lugher Of the 177 tuberculous students, 91 
were medical students vho comprised only 
9 per cent of the total enrollment The non- 
medical students had an attack rate of 5 7 
per 1,000 All tuberculous students were 
removed from school and readmitted onlj'- 
after the lesion was stabilized Only 6 of the 
nonmedical students failed to be leadmitted 


The medical students had an attack rate of 
39 6 per 1,000 Ten students entered medical 
school with lesions, 81 developed the disease 
durmg their course There were also 5 students 
who developed serofibrmous pleurisy and 
were granted a year’s leave of absence 
Semors accounted for 3S 6 per cent of the 
new cases, jumors 49 1 per cent, and the 
sophomores 12 3 per cent Most of the new 
lesions detected m the third year were found 
m the first few weeks of the school and there 
was a high rate of conversion from negatne 
to positive tuberculin reactors during the 
second 3 '^ear The teachmg of ph 3 fsical diagnosis 
and pathology now has been modified to 
reduce contact mth tuberculous patients and 
autopsy specimens Among the medical 
students, the appearance of a parench 3 'mal 
lesion of the remfection type rarel 3 followed 
closely upon a pnmar 3 ' mfection, tins interval 
was less than a 3 'ear in onl 3 ’- one mstance 
Remfection t 3 'pe lesions appeared more often 
m students who entered as tuberculm re- 
actors than in those who entered as non- 
reactors Four students developed lesions of 
the primary type, these appeared 6 to 8 
montiis after the development of sensitmty 
to tuberculin — Tuberculosis among medical 
and academic students, H D Lees, Dis of 
Chest, May, 1949, IS 669 — {E A Rouff) 



VARIATION IN THE DURATION OF TUBERCULIN SKIN SENSITIVITY 
PRODUCED BY TWO STRAINS OF BCG^® 

RALPH F JACOX and GORDON M MEADE 
(Received for publication March 1, 1949) 

INTRODTJCTION 

It IS probable that the revived interest m the use of BCG vaccine as an aux- 
iliary means for preventing tuberculosis will result in its more extensive em- 
plojonent Any vanable which might influence its success should be adequately 
controlled 

A recent experience of the writers with the admimstration of BCG to a group 
of nurses and medical students has brought to hght a sigmficant vanable which 
is beheved to be important A BCG vaccine prepared m one laboratory was 
capable of causmg a high percentage of tuberculm reactors, followed by a rapid 
loss of skm sensitivity to tuberculin Another vaccme prepared m a different 
laboratory produced a prompt and sustamed reactivity to tuberculm These 
divergent results are thought to be related prmcipally to some fundamental 
difference m the vaccmes employed in this study Moreover, it is felt that stand- 
ardized methods of vaccme preparation and admmistration should be worked 
out before any extensive program of vaccmation is planned 

METHODS AND RESULTS 

In this study, two groups of individuals were vaccinated mth BCG (Bacillus 
Calmette-Guenn) vaccme obtamed from two different sources Group A con- 
sisted of 103 nurses and medical students with an age distribution of 18 to 
26 years These individuals were vaccmated m September 1946 with a strain of 
BCG (Vaccine A) origmally obtained from the Pasteur Institute and mamtamed 
in this country for several years Vaccme A was made by a worker with long ex- 
penence m preparation and use of BCG It contamed 15 mg of bacteria m each 
ml , was shipped in refrigerated container, and amved two daj''s after prepara- 
tion (twelve hours after leavmg the laboratory of origin) Upon amval it was 
immediately placed under refngeration Vaccination was then earned out twenty- 
four to forty-eight hours later by the percutaneous method described by Rosen- 
thal (17) 

All individuals were examined two weeks after vaccmation and, with few 
exceptions, were noted to have developed a charactenstic papular eruption at 
the site of moculation Tuberculin tests were performed at one-, three-, six-, 
nine-, and twelve-month intervals from the time of vaccmation The results of 
these tests are recorded m table 1 

' From the Department of Medicine of the University of Rochester School of Medicine 
and Dentistry , and the Medical Clinic of the Strong Memorial and Rochester Municipal 
Hospitals, Rochester, New York 

- Funds for this inv estigation came from the Helen W Rivas Fund of the University of 
Rochester School of Medicine and Dentistry 
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One month after vaccination, a well-developed slan sensitivity (2 or 3 plus)* 
to 0 005 mg of PPD was obsert’-ed in 88 3 per cent of the vaccinated individuals 
Three months after vaccination, 79 2 per cent reacted to 0 005 mg of PPD 
In addition, a decreased mtensit 3 ’' of skm reaction was observed ]\'Iost of the 
vaccinated individuals had declmed from a 2 or 3 plus leaction to one plus or a 
questionable reaction In order to exclude decreased potencj>- m the testmg ma- 
terial as a cause for the decreased tuberculm reactions, 0 005 mg of PPD and 
1 0 mg of 0 T were compared b 3 '- mjectmg each substance into different sites 
on the same forearm A more intense tubercuhn reaction resulted when 1 0 mg 
of 0 T was used In all subsequent tubercuhn tests, only 0 T (0 1 mg followed 
by 1 0 mg if 0 1 mg gave a negative reaction) was employed for determming 
tuberculm sensitivit 3 ’' 


TABLE 1 

Results of Vaccination vnth Vaccine A 
Vaccinated September 1946 (IDS Individuals) 


irONTSS ATTEa 
VACaNATION 

j 

NUUBEU TESTED 

N0MBES POSmVB TO 
TOBEBCDLIH 

PEE CENT POSITIVE 

NtntBES OP DOUBTPUL 
EEACnONS 

1 

103 

91 

88 3 

9 

3 

101 

80 

79 2 

9 

6 

98 

38 

38 7 

18 

9 

69* 

8 

11 6 

i ® 

12 

102 

11 

10 7 

! S 


• One group of nurses comprising 33 individuals not tested at the nme-month interval 


Six months after vaccination, 38 8 pei cent of the ifaccinated individuals had 
a positive reaction to 1 0 mg of 0 T The potency of tubeiculin was again tested 
by comparmg three different commercial tuberculms for abiht 3 '- to produce a 
positive skm reaction No vanation was detected, which seems to exclude the 
tubercuhn as a factor responsible for the marked reduction m positive reactors 

The progressive decline m tubercuhn slcm sensitiMt 3 ’’ continued and mne 
months after vaccination only 11 6 per cent of Group A were positive reactors 
Twelve months after vaccination, only 10 7 per cent had a positive tuberculm 
reaction to 1 0 mg 0 T If those who had doubtful reactions are included, only 
IS 6 per cent demonstrated a positive tuberculm reaction one 3 'ear after admin- 
istration of Vaccme A 

Group B consisted of 178 medical students and nurses with the same age dis- 
tnbution as Group A Of these, 100 had never received BCG vaccmation Sev- 
enty-eight of this group had been vaccmated in September 1946 wuth Vaccine 
A The 3 ’- had previously dei eloped a positive tuberculm reaction as a result of 
vaccination but had reverted to a negative reaction by the end of a 3 ’’ear or less 
All mdividuals m Group B w'ere vaccinated m September 1947 with a vaccine 
prepared m another recognized laboratory Vaccine B w'as made under carefully 

’ Tuberculin tests were classified according to criteria established in the 1940 edition of 
Diagnostic Standards of Tuberculosis of the National Tuberculosis Association 
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controlled conditions and under the supervision of an individual who has had 
long experience in BCG preparation and use This vaccine, containing 20 mg of 
bacteria pei cc , reached us (uniefngerated) twenty-four to thirty-six hours after 
shipment It vas immediately placed under refiigeration and used twenty-four 
to ninety-six hours later Vaccine B was administered in exactly the same man- 
ner as Vaccine A Similarly, all individuals were observed two weeks after 
vaccination and vere found to have developed a characteiistic papular reaction 
at the vaccination site 

It vas observed, however, that Vaccine B produced a more intense and pro- 
longed local reaction than Vaccine A Several individuals developed small, 
suppurating lesions at the vaccination site which persisted for several months 
The increased local reaction occurred with the same frequency in the individuals 
vaccinated for the first time as in those revaccmated one year after a previous 


TABLE 2 

Results of Vaccination with Vaccine B 
Vaccinated September 1947 (178 Individuals) 


1 

UONTSS 
AFTER 1 
VACCINA 1 
TIOM 

NUMBER 

TESTED 

NUMBER 

POSITIVE 

TO 

TUBERCULIN 

PER CENT 
POSITIVE 

NUMBER 

OP 

DOUBTFUL 

REACTIONS 

1 

Vaccinated first tune 

3 

100 

100 

100 0 

0 

Revaccmated Group A reverters | 

3 

78 

78 

100 0 

0 

Total 

3 

178 

178 

100 0 

1 

0 

Vaccinated first time 

12 

B 

93 

B 

5 

Revaccmated Group A revellers 

12 

■■ 

70 

B 

5 

Total 

12 

178 

163 

91 5 

10 


vaccination mth Vaccine A It is of note, moi cover, that none of those who 
were revaccmated showed any accelerated or Koch-like reaction to suggest that 
any residuum of sensitivity remained 

The duration of sensitivity in Group B was determined m the same manner 
as described for Group A (0 1 mg of 0 T followed by 1 0 mg if 0 1 mg gave a 
negative reaction) As may be seen m table 2, 100 per cent of Group B were 
found to have developed sensitivity to tuberculin three months after vaccina- 
tion One year after vaccination, 91 5 per cent of those vaccinated still reacted 
to tuberculin mth a clear-cut, positive slan test, 2 8 per cent had definitely 
negative reactions, and 5 7 per cent had doubtful reactions Of the 91 5 per cent 
who were positive to tuberculin, 73 5 per cent reacted to 0 1 mg of 0 T , while 
the lemainder required 1 0 mg to elicit a positive reaction It is apparent that 
the number of individuals in Group B who maintained a positive tuberculin 
sensitivity one year after vaccmation is m decided contrast to the results ob- 
tained m Group A 
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DISCUSSION 

An accumulating experience m the use of BCG laccme indicates that vac- 
cination with this attenuated tubercle bacillus confeis protection against tuber- 
culous infection (1-12) Regardless of the problem of the mechanism of the 
development of resistance to tuberculosis followmg BCG ^>acclnatlon, it appears 
likely, although not proved conclusively, that pioduction of skin sensitivity to 
tuberculm is an important enter ion foi deteimimng whether or not immunity 
has been enhanced bj’- the procedure It has been recommended, therefore, that 
vaccination be repeated until a positne tubercuhn reaction lesults Biikhaug 
(8) states, “chmcal experience has taught that when allergy produced by BCG 
vaccination burns out in man, then his tuberculosis lesistance falters and re- 
vaccination is necessarj’^ ” 

Holm (10) beheves that effective vaccination must produce a positive tubei- 
cuhn reaction and that the effect of i accination lasts onty so long as the posi- 
tive tuberculin reaction persists If one accepts Holm’s and Biildiaug’s piem- 
ises, which it must be emphasized are not conclusive^ established, then it 
becomes of considerable importance to knou the duration of sensitmty fol- 
lomng BCG vaccination 

Holm (10) showed that a majority of vaccinated indnnduals were positive to 
1 0 mg of tubercuhn four 5 '-ears after vaccination whether the}' existed in a 
tuberculous milieu or not Similarty, Birkhaug (8) produced tubercuhn sensi- 
tivity of long duration following percutaneous admmistiation of BCG vaceme 
Rosenthal, et al (11) have reported sensitmty following percutaneous vac- 
cmation which persisted as long as six to eight years Aronson (19), using mtra- 
dermal admimstration, found that sensitmtj’’ probabl}’’ persisted as long as 
eleven years 

It IS clearty established, therefore, that in the hands of many workers BCG 
vaceme can confer a long-standing sensitmty to tuberculo-protem The occur- 
rence of such a short period of sensitmty as that following admimstiation of 
Vaceme A in the present report was unexpected The subsequent experience with 
admmistration of another vaceme indicates that the variable response is related 
to some inherent deficiency of the vaccine admmistered to Group A The prep- 
aration of the two vacemes was essentially the same, as were the emuronmen- 
tal conditions of each during the interi’-al from preparation to administration 
In fact, Vaceme B was subjected to more rigorous emironmental changes than 
Vaceme A The method of admmistration of vaccine was identical for each 
group 

Several different batches of Vaceme A were admmistered to Group A and in 
no instance did the unfavorable results appear to be related to a single ineffec- 
tive ampule of vaceme Moreover, the de\ elopment of the sensitmty in 88 per 
cent of Group A one month after vaccination indicates that nable organisms 
were employed 

The possible influence of concentration of the vaceme suspensions cannot be 
Ignored Vaccine A contamed 15 mg of bacteria per cc while Vaccine B con- 
tamed 20 mg per cc , representing 33 per cent more bactena per unit of i olume 
m the latter i aceme Since Vaccine B produced local reactions associated wnth 
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a higher leiol of sensitnity, this suggests that a difference m size of inoculum 
mnA haAO been of iraporlnnce The effect of size of inoculum for establishing 
sonsitmty of long duntion has been pie\iously demonstrated (15, IG) It should 
be pointed out, lioweicr, that the percutaneous method of laccination of neces- 
siti permits a nidc lariation in the number of bacteiia actually inoculated into 
each nidiMdual 

Forrsman (14) has indicated that the manner of Aaccmation is an important 
factor m the dvnation of sensituity Since Groups A and B weie inoculated by 
the same tcchmque, tins Aariable can be eliminated from consideration 

A Aanable potencj in the Old Tubeiculm preparations used could explain the 
falling level of sensitivitj’’ obseiacd m Group A 1111110 facilities vere not avail- 
able for carrjang out as e\tcnsi\c a standardization of tubeiculm as Holm (13) 
recommends, the strengths of three diffcient commercial preparations of 0 T 
were compared No significant rariation m tuberculin response vas observ^ed 
except ivhen PPD was used In this instance 0 005 mg of PPD caused less 
reaction than 1 0 mg of 0 T The use of PPD was therefore discontmued early 
m the study and onlj’ freshly prepared Old Tuberculin n as administered to both 
groups It IS unhkely that the loss of sensitivity of Group A can be related to use 
of a fault 3 ’- tuberculin 

There are inherent errors in the interpretation of the tubcrcuhn reaction, 
especiallj’’ when a low-grade scnsitn it 3 ’’ is present (4) The tuberculin reactions 
of Groups A and B n ere evaluated in as critical a manner as possible No individ- 
ual nas said to haic sensitmt 5 to tubercuhn unless an area of eiythema meas- 
uring at least 5 by 5 mm was present at the end of forty-eight hours 

Final^', after consideration of the foregoing variables, it becomes probable 
that a vanation in some intrmsic factor in the vaccine accounts for the differ- 
ence in duration of the induced sensitmt 3 ’^ Jensen (18) has shown the difficulty 
encountered b 3 ' one laborator 3 * m an attempt to stnke a compromise between 
a BCG A accine v hicli produced too great a degree of local reaction and one which 
failed to produce sufficient reaction to confer sustained sensitivit 3 ’- Aronson (5) 
has also suggested that a similar vanation m potency of different lots of BCG 
ma 3 ’- exist 

The results of this study appear to support the conclusion that a strain dif- 
ference of BCG will influence the vaccine’s effectiveness as a sensitizing agent 
If sensitmt 3 ' is a reflection of immunity, it is felt that a suitable method of 
control of the sensitizing potency of BCG x^accine should be set up 

SUMMARY 

The tubercuhn response of two groups of medical students and nurses fol- 
lowmg admmistration of BCG vaccine has been studied In Group A (103 in- 
dividuals vaccinated mth vaceme A) positive skin reactions to tubercuhn were 
observed in 88 3 per cent one month after vaccination, in 79 2 per cent three 
months later, and in only 10 7 per cent one year after vaccination Group B (178 
individuals) v ere vacemated with vaccine B Three months after vaccination, 
100 per cent were positive to tuberculin and 91 5 per cent were positive at the 
end of one 3 'ear 
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The divergent results obtained vnth vaccines A and B appear to be related to 
a strain difference in the BCG used m pieparation of the respective \accmes 

SOMMARIO 

Vanaci67i en la Duracidn de la Cttiiseiisibibdad a la Tuhercidina Producida por 

Dos Cepas de BCG 

La respuesta a la tubercuhna fu6 estudiada en dos grupos de estudiantes de 
medicina y enfermeras despu4s de la administiacidn de vaeuna BCG En el 
Grupo A (103 mdi\nduos vacunados con vaeuna A), evoedronse cutirreacciones 
positivas a la tubercuhna en SS 3 por ciento al mes de la \acunaci<5n, 79 2 por 
ciento tres meses despuds, y s61o en 10 7 por ciento al ano de la vacunacidn 
El Grupo B (178 individuos) fud vacunado con vaeuna B, siendo positives a la 
tubercuhna 100 por ciento a los tres meses y 91 5 por ciento al ano de la vaeuna- 
cidn 

Los distmtos resultados obtemdos con las vacunas A B parecen relacionarse 
con una diferencia en las cepas de BCG usadas para la preparacidn de las respec- 
tivas vacunas 
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CORRELATION OF NTJAIBERS OF CUTANEOUS BCG VACCINATION 
PAPULES AND SUBSEQUENT TUBERCULIN ALLERGY AND 
TUBERCULOSIS RESISTANCE IN GUINEA PIGS > 

KONRAD BlUiaiAUG 
(Reccncd for pubhcntion M'xrch 9, 1919) 

INTKODUCTION' 

A compiratnc studj wns mndc m 19 li (1) of the dc\clopmcnt of tuberculin 
In-pcrsensitn cnc'^ T,nd specific rcsistnncc m guinea pigs inoculated wth BCG by 
the intmcutancous and scarification or multiple puncture methods It A\as found 
that both methods produced a marked degree of tuberculin allerg} as well as a 
significant resistance against a \ irulcnt tuberculous infection It uas noted, how- 
c\cr, that the multiple puncture method stimulated tuberculin allerg}' more 
rapidly and resistance more cITcctn cU On the basis of these findings, the mul- 
tiple puncture method w as applied to man either b} the S-ncedlc fork (2) or the 
spnng-actuated 10-noedle apparatus (3) Between 1939 and 1946 more than 
10,000 tuberculin-ncgatn c children and adults were thus \ acemated m the BCG 
Clinic at the Municipal Health Center at Bergen, Norway (4) Ninety-nine per 
cent acquired a positne tuberculin test within two months The aveiage duration 
of post-\ accination allcrg}' w as found to exceed four years, although occasionally 
it was lost os soon as one }car As of June 194S, about 80 per cent of the vacci- 
nated group had been periodical!} followed with annual tubercuhn tests and 
chest roentgenograms The incidence of pulmonary tuberculosis was one-ninth 
of that observed among the nonvaccinatcd general population in Bergen during 
the same period Up to the present more than 400,000 persons have been vacci- 
nated throughout Norway The mtracutaneous injection method is used in many 
clinics while the multiple puncture method is used in others Proponents of both 
methods claim equal!}' good results The latter method, however, is “preferred 
bv about two-thirds of the doctors v'accinating with BCG in Nonvay,” accoiding 
to Hertzberg (o) and because “the mtracutaneous injection may sometimes pro- 
voke troublesome local reactions, the percutaneous application (multiple punc- 
ture) of BCG has come into v'ogue ” The method has been used exclusively m 
more than 6,000 BCG v'accinations performed in New York since 1946 under 
the auspices of the State Department of Health But since both the injection and 
multiple puncture and scarification methods are used extensively throughout 
the world, their comparative efficiency remains a problem of some importance 

Furthermore, the question has been raised whether or not it is necessary to 
tnjlict as many as forty skin punctures The folloivmg investigation was under- 
taken to answ'er that question 

E'^PERIMENTAIi 

Maicnals and methods Fortj -five normal white albino guinea pigs, weighing 353 ± 34 36 
Gm , w hich failed to react w itli 10 mg Old Tubercuhn injected intracutaneously, were used 

1 From the Division of Laboratories and Research, New York State Department of 
Health, Albany, New York 
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A 6 b3' 5 cm slan area on the right side of Imea alba, between the nipple and midstemum, 
was epilated with electnc clippers and thoroughly washed with 95 per cent alcohol and 
dned with ether 

A 10-day-old Sauton culture of BCG (Lot No B-23) showing typical surface growth, was 
decanted into a harvesting apparatus (6) and the semidry mass of BCG was homogenized 
and suspended in a dilution fluid that consisted of one part Sauton and three parts phj’Sio- 
logic salt solution The final vaccine contained 20 mg BCG per ml This suspension gave 
rise to 47 colonies on Lowenstein’s egg medium seeded with a 10~® dilution Hence the vac- 
cine contained 47 million viable microorganisms per mg semidij' weight This same lot of 
vaccine was also used in man and gave nse to typical vaccination papules in the shin and 
positive tuberculm reactions within two months after vaccination 

Thirty guinea pigs, divided into ten equal groups, were vaccinated as follows Each ani- 
mal was held tightly by an assistant and a few drops of vaccine were spread evenlj across 
the cleansed epilated skin with a sterile spatula The sharp point of a 13-gauge stenle needle 
was pressed tangentially against the taut skin until it penetrated the epidermis at a depth 
of approximately 2 mm By lifting the needle point vertically with a swift movement, the 
skin was torn open at the point where the needle had attached itself to the skin Care was 
taken to avert free bleeding, but slight petechial bleeding occurred when the skin was 
stretched afterwards While the skin still was held taut, a few more drops of vaccine were 
spread across the area and allowed to dry for two minutes The animal was then returned 
to its cage In this manner the ten groups of guinea pigs received respectively 1, 2, 4, 6, 8, 
10, 15, 20, 30, and 40 skin punctures The group receiving 6 punctures had 2 rows of 3 punc- 
tures each and the groups with 8 and 10 punctures two rows with 4 and 5 punctures in each 
The groups receiving 15, 20, 30, and 40 punctures had parallel Imes consisting of 5 punctures 
An interspace of approximately 5 mm was allowed between each puncture and each line 
The remaining 15 guinea pigs were not vaccinated, but were kept under the same conditions 
as the expenmental animals All were housed m groups of 3, of the same sex, in metal cages 
(34 by 34 by 25 cm ) having closed sides and covered with a metal-framed 1 by 1 cm n esh 
wire lid 

After three to five dajs, 1 0 to 1 5 mm wide red punctate lesions appeared which dur- 
ing the followmg week enlarged into 2 to 4 mm wide and 1 to 2 mm high deeplj injected 
papules The underlying skin was then palpably indurated and the adjoining axillarj and 
inguinal nodes were slightly enlarged in those animals which had received more than 15 
punctures During the third week the inflammatory reaction began to subside and desqua- 
mation followed with resorption of the papular elevations being nearly' complete approxi- 
mately forty days after vaccination No suppuration occurred in the papules during this 
penod and only a tawny pigmentation or pinhead scars indicated the healed vaccination 
sites The lymphatic enlargement persisted for several months without softening or rupture 
through the overlying skin 

Post-vaccinahon tuberculin reactions The tuberculin tests were performed m- 
tracutaneously with Old Tuberculin freshly diluted with saline to contam from 
100 mg to 0 001 mg per ml The readmg was made after forty'-eight hours and 
the TninirmiTn reqmrement for a positive reaction was definite mduration or 
edema 10 mm m diameter and 4 mm thick when the skm was folded between 
caliper prongs Half of this thickness multiphed by the two diameters of the in- 
durated area (2 by 10 by 10 = 200 mm ’) pronded an estimate of the volume 
of the indurated area TiTien a positive reaction was obtained with 10 mg 0 T , 
the test was repeated with 1 0 mg 0 T to determine the degree of tuberculin 
hjiiersensitiveness The tubercuhn tests were repeated at weekly' intenmls wnth 
gradually reduced concentrations of tuberculin dunng eight post-vaccmation 
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weeks. Table 1 presents the data obtained on the rapidity and degree of tuber- 
culin hj'persensitiveness. 

It may be seen from the data that the number of papules appears to be directly 
related to the promptness and degree of reaction to tuberculin and, furthermore, 
that the maximum reaction occurred in those animals that had received 40 sep- 
arate intradermal inoculations. Every group that received 8 or more punctures 
had become tuberculin-positive two weeks following vaccination. The degree of 

TABLE 1 

Tuberculin Reactions 

Average Volume of Induration 4S Hours after Intracutaneous Injection of Various 

Concentrations of Tuberculin 

(Positive reaction ^ 10 by 10 by 2 mm. (200 mm^) induration) 

(5 guinea pigs in each group) 


WEEKS AT* 

1 TER VACa- 
NATION 

CONCENTRATION OP 
OU) TtrnERCULTN 

NtmBES OF BCG PAPULES 

1 1 

2 


6 

8 

10 

IS 

20 

30 

40 

1 

10 

0 

0 

0 

0 

0 

39 

43 

74 

98 

102 

2 

10 

0 

0 

0 

103 

261 

271 

316 

451 

532 

552 

3 

10 

0 

0 

64 

274 

261 

314 

432 

468 

581 

546 

4 

10 

0 

0 

135 

358 

393 

— 

— 

— 

— 

— 

5 

10 

0 

112 

259 

— 

— 

— 

— 

— 

— 

— 

6 

10 

0 

1S4 

— 

— 

— 

_ 


— 

— 

— 

7 

10 

98 

148 

— 


— 

— 

— 

— 

— 

— 

S 

10 

113 

— 

— 

— 

— 

— 

— 

— 

— 

— 


Quantitative degree of tuberculin hypersensitiveness 


3 

1.0 

0 

0 

0 

104 



276 

266 

278 

331 

4 

0.1 

0 

0 

0 

172 

178 

124 

184 

168 

181 

202 

5 

0.01 

0 

0 

0 

154 

182 

196 

222 

213 

256 

270 

6 

0.001 

0 

0 

0 

0 



36 

59 


136 

7 

0.0001 

0 

0 

0 

0 





45 

74 

8 

1.0 

0 

0 

21 

114 

189 

261 

352 

382 

332 

341 

8 

1.0 BCG OT 

0 

0 

72 

150 

185 

286 

383 

455 

512 

542 


reactivity of the animals could be determined both by estimating the size of the 
area of induration and b 3 ’’ modifjdng the dose of O.T. used. 

Response to the inoculation of virulent tubercle bacilli: Sixt 5 '‘-five daj’’s after vac- 
cination the 30 e-xperimental and 15 nonvaccinated control guinea pigs were 
injected subcutaneouslj’’ in the right hind leg with 0.0001 mg. of a virulent strain 
of human tubercle bacilli (No. 33246) from a month-old Lowenstein egg medium 
culture. This dose gave rise to 1,172 eugonic colonies on a series of Lowenstein 
egg medium tubes after 10 weeks’ incubation. The weight of the immunized 
animals when challenged was 621 ± 60.47 Gm., and that of the controls 589 ± 
57.16 Gm. 

Eight weeks later all were retested with 10 mg. 0. T. intracutaueously and 
the reactions read as before. The immunized animals all reacted strongly with 
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an average induration measuring 1,819 ± 6544 mm® and central necrosis oc- 
curred in about 50 per cent of these lesions The most severe reactions were 
found among the animals that had received fever than 15 punctures (2,278 ± 
566 2 mm ® induration and 125 ± 42 3 mm ® central necrosis) Those vith 20 or 
moie punctures had 1,236 ± 447 3 mm ® mduiation and 51 7 ± 12 8 mm ® cen- 
tral necrosis The contiol group showed 2,768 ± 867 9 mm ® mduration and 
261 2 ± 42 1 mm - central necrosis 

The weight of the immunized animals was now 706 i: 59 21 Gm , and that 
of the control animals 627 ± 63 12 Gm 

The nght inguinal l3Tnph nodes vere defimtely larger in the control than in 
the immunized groups Among the latter it was noted that the nodes vere larger 
in the animals that received fev er than 15 punctures than m those mth more 

Three control animals succumbed with intercuirent gastrointestinal infection 
64, 64, and 65 days after challenge Of the remaming 12, 6 died v ith generalized 
tuberculosis 74, 107, 118, 118, 121, and 132 da5’'s after inoculation The other 6 
were lolled 163 da3^s after inoculation Among the immunized groups 6 died vith 
generalized tuberculosis Tivo of these had received a single BCG inocu- 
lation, 2 others had received but 2 moculations, and the other 2 had recen ed 
4 and 6 moculations These ammals died at approumately the same time as 
the controls 

Measurement of tuberculous hyperplasia As previousl3>- described (7), necropsy 
was delayed until the animal had remained foi seveial hours in the refngerator 
(2° to 3°C ) in order to allow the blood to coagulate This ensures uniformit3’' in 
the assessment of the volume and v eight of various hunph nodes and organs 
The major l3Tnph nodes (table 2) were careful^’' dissected free from contiguous 
tissues and their volume was determined b3’’ water displacement in specially con- 
structed volumetric cy’hnders calibrated to 0 001 ml The volume of the spleen, 
hver, and lungs was determined in the same manner Finally, the weight of these 
organs and the pooled 13’mph nodes (total bmph nodes) vas expressed in per 
cent of the animal’s faod3'' weight in oidei to obtain objective data on the degree 
of tuberculosis in the immunized and control groups of ammals The completed 
data were then submitted to statistical treatment for significance according to 
Fisher’s (8) method for comparison of tv o means 

The data shoving the weight of the animals and of 13’mph nodes, spleen, hver, 
and lungs for each group of the immumzed ammals are graphical^'’ shown in 
the figures For purposes of clarit3’’, the vaccinated animals that had recen ed 1, 
2, 4, and 6 inoculations have been pooled (group I) Those that had received 4, 

6, 8, and 10 inoculations constitute group II Those v ith 8, 10, 15, and 20 inocu- 
lations are shovn as group III, and those that received a greater number of 
moculations have been pooled as group IV 

Tuberadous hyperplasia m lymph nodes The results, vluch afford a compari- 
son of the volume of the \ arious groups of l3'mph nodes, hav e been collected in 
table 2, with an expression of the probabilit3^ that the obsen ed differences are 
significant It will be noted that the least h3’perplasia occurred in group IV, 
those animals vhich had received the greatest number of inoculations of vaccine 
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TABLE 2 

Tiibcrcitlous Hi;p''rpJasta tn Lymph Nodes from Antmah Immunized with 1, S, 4, 6 (I), 6, 

S, 10 (.11), S, 10, 15, SO (III), 15 SO, 30, 40 (IF) BCG Papules and from Control Tuber- 
culous Infection Animals (F) 

Statistical Analyses of Volume (in ml) of Nodes from 12 Animals in each Group 



Efficioneios m per cent 


N B In Pislicr s 1P38 tables for distribution of ( (quotient expressing the deviation as a multiple of its probable 
error) ne observe that a P S 001 (probabilitj that the observed mean denalion bearing this or smaller values can- 
not have occurred bj chance alone) requires that t S 2 319 when each group contains 12 animals or samples Every 
difference having absolute ttfntfieancc is italicized in tables 2 and 3 



Fia 1 Average body weight at autopsy of vaccinated and control guinea pigs (Left) 
Single groups of animals vaccinated with 1 to 40 skin punctures (Right) Pooled groups of 
vaccinated animals 
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It may also be noted that marked difference existed between the size of the in- 
gmnal nodes m the nght and left groups Judged by the cntenon of Ijunph node 
hyperplasia, therefore, those guinea pigs that had recen ed 10 or fewer injections 



Fig 2 Average weight of spleen expressed in per cent of body weight of vaccinated and 
control guinea pigs 



Fig 3 Average weight of liver expressed in per cent of bodj weight of laccinnted and 
control guinea pigs 

of BCG did not display resistance to the challenging inoculation The animals 
which had received a greater number of inoculations showed such resistance 
Spleen, liter, lungs, and lymph nodes Similar measurements haxe been made 
of the spleen, Iner, and lungs of all the ammals The values, again expressed m 
xolume, weight, and in percentage of body weight, ha\e been collected in table 
3 It IS e\ ident that bj' these standards the spleens and lungs of the animals 
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that bad recen ed the greater number of vaccination reactions differed signifi- 
cantly from the contiol animals and from those experimental guinea pigs that 
had recen ed fewer inoculations The hveis, on the other hand, showed no such 




Fig 5 Average weight of pooled Ijmph nodes expressed in per cent of body weight of 
vaccinated and control guinea pigs 


differences excepting when calculated as percentage of total body weight By 
this criterion the lungs also indicated sigmficant deviation 
Petroff and Steenlen score The lesions have also been graded accordmg to the 
scheme suggested by Petroff and Steenken (9) The data are summanzed in 








TABLE 3 

Tuberculous Hyperplasia in Spleen, Liter, and Lungs 
Stahshcal Analyses of Weights, Volumes and Weights Expressed m Percentage of Body 

B eight 


IS Animals m Each Group 


OECANS 

CSOOTS OF AVntAtS 

rROB\BtI.tT\ 

r 

II 

!m 

XV 

V 

Its \ 

IltsV 

nitsv 

r\'ts\ 

A\ emge 



/ 

P 

/ 

p 

t 


Bod} Gm 

5S9 


735 

7S2 

667 

1 587 

0 15 
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T\BLE 4 

Macroscopic Scoring of Tuberculous Iniolccmcnl in Vaccinated and Control Guinea Pigs 
{Ad moduni S h Petroff and W Steenken, Jr , J Immunol , 1D30, 19, 79) 
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-f- ■= tuberculous lesions at the site of inoculation, mth or without Ijunph node intoho 
ment, with fen tubercles in lungs and spleen 

+4- = tubercles in 2 or 3 orgsns, such as spleen, Incr, lungs, and Ijmph nodes 

=5 generalized tuberculosis, as well as c\tensi\c actixe disease, such as tubercu- 
lous pneumonia 

++++ = fulminating and generalized tuberculosis, with multiple and large infarcts 
in spleen and liter, multiple caternous and confluent tuberculosis in lungs, nith lieavj 
invohcment of Ijmph nodes, ruptured spleen, and allergic phenomena 
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table 4 It may be seen that one-third of the control animals had fulminating 
and generalized tuberculosis (4-f ) mth suppuration at the site of inoculation 
Multiple and confluent infarcts in the spleen and liver, multiple cavernous and 
confluent tubeiculosis m the lungs, and generalized caseonecrotic hypertrophy 
of l 3 'mph nodes were common Half of the control animals showed generalized 
tuberculosis with somewhat less involvement (3-f) and the rest showed tuber- 
culosis of the l 3 Tnph nodes, spleen, liver, and lungs 
The animals which had been vaccinated wnth from 1 to 8 inoculations did not 
differ significantl 3 ’^ from the controls but those which had received 10 or more 
shoved less tuberculosis, this was still more pronounced m the animals that had 
received 15 inoculations In them only tuberculosis in the regional lymph nodes 
(l-h) and an occasional discrete tubercle in the spleen or lung were found The 
results confirmed the measurements of organ size and weight and allergy in 
shelving the improved status of the animals that had received the largest num- 
ber of vaccinations 


DISCUSSION 

The data leave little room to doubt that m the case of experimental tubercu- 
losis in the guinea pig the promptness and extent of tubercuhn allergy is related 
to the size of the BCG vaccination and that resistance to infection increases 
with the number of individual inoculations and the number of BCG microorg- 
anisms inoculated In these experiments the duration of allergy has not been 
measured It mil be remembered that Tomell (10) found that the duration of 
tuberculin allergy was also related to the size of the vaccination reaction It would 
seem, therefore, that the larger number of papules currently being recommended 
for percutaneous vaccination is thoroughly supported by experimental evidence 

SUMMARY AND CONCLUSIONS 

The multiple puncture method of BCG vaccination produced in guinea pigs 
the most rapid and intense tuberculin allergy when 15 or more punctures were 
made through skin moistened mth 20 mg per ml BCG vaccine The best tuber- 
cuhn allergy was produced by 40 BCG vaccination papules 

A significant resistance to a virulent tuberculous infection vas acquired by 
guinea pigs having received 15 or more punctures The most effective specific 
immunity was produced b 3 ^ 40 BCG vaccination papules 

It IS recommended, therefore, that the practice of 30 to 40 percutaneous 
punctures in BCG vaccination of both children and adults be contmued in order 
to produce the most rapid allergy and durable resistance to tuberculous disease 

SUMARIO T CONCLUSIONES 

Correlacion enire el Numero de Papulas Cutdneas en la Vacunacion BCG y la 
Subsigmente Alergia a la Tuherculina y Resistencia a la Tuberculosis 

en el Cobayo 

La t^cnica de la multipuncion para la vacunaci6n con BCG produjo en los 
coba 3 ’-os la mils rdpida e intensa alergia tuberculfmca cuando se hacfan qumce o 
mds punciones a travds de piel humedecida con 20 mg por cc de vacuna BCG 



556 


KONKAD BIRKHAUG 


La mejor alergia a la tubercubna fu4 producida por cuarenta papulas en la 
vacunacion con BCG 

Eesistencia sigmficativa a una infeccion tuberculosa ^nrulenta fu^ adqumda 
por cobayos que recibieron quince o mas punciones La mas efectiva mmumdad 
especlfica fu6 producida por cuarenta papulas de vacunacion BCG 

Recomi^ndase, por lo tanto, que, a fin de producir la alergia mas rdpida j* re- 
sistencia duradera a la afeccion tuberculosa, continue, tanto en mfios como 
adultos, la costumbre de hacer treinta a cuarenta punciones percutdneas en la 
vacunacion con BCG 
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LUNG TRAUMA AT PNEUMOTHORAX INDUCTIONi 
ALFRED S DOONEIEF and RUTH W PICCAGLI 
(Recei\ed for publication Maj 13, 1949) 

INTRODtfCTION 

Induction of artificial pneumothorax is a simple procedure which in the great 
majonty of instances is attended by little discomfort and no complications 
Most physicians experienced m pneumothorax therapy, however, have observed 
senous and at times alanning complications at induction, the most important 
being air embolism and perforation of the lung 

The literature indicates the considerable difference of opinion winch exists concerning 
the frequency of lung rupture at the time of pneumothorax mduction The early workers, 
Brauer (1), Robmsonand Floj'd (2), Balboni (3), and others, considered traumatic pneu- 
mothorax avoidable with good technique Morgan (4), on the other hand, beheved as 
long ago as 1914 that the first mtrapleural readmgs obtamed are those of a traumatically 
mduced space There has been much controversj’- regarding the type of needle which 
imght cause or prevent lung puncture (Jones (5), Tchertkoff and co-workers (6, 7, 8, 9)) 
Karan (10) obsen ed rocntgenographic evadence of rupture of the lung following mduction 
of pneumodiorax m 9 of 70 patients, or 13 per cent, and Rubm (11) stated m 1937 that 
“lung mjuiy is the rule rather than the exception m pneumothorax treatment, par- 
ticularlj at the tune of induction ” Rubm pomted out the fact that often rupture caimot 
be V erified clmically and that m most instances it is not follow ed bj' immediate serious 
consequences These are usuallj lung perforations of the “closed,” not valvular, v ariety 
which close quickly aided b}' the relaxmg effect of the pneumothorax A pneumothorax 
space has often been demonstrated bj roentgenography or fluoroscopj'' after a supposedly 
unsuccessful attempt at mduction Examples of this have been cited by Ornstein and 
co-workers (12) Using the formula of Coryllos (13), Ornstem and his associates (12) 
calculated the vmlume of gas present m the pleural cavaty twenty-four hours after mduc- 
tion, m 5 cases they found an mcrease over the volume of air w'hich had been mjected of 
from 115 to 2,170 cc Alexander (14) has stated that “a puncture of the vasceral pleura 
with the pneumothorax needle is largely preventable” Ustvedt (15) believes mjury 
to the lung durmg mduction to be a “very common occurrence ” Mattill and Jennmgs (16) 
revaewed a large series of traumatic pneumothoraces and found that lung perforation had 
occurred at mduction m 2 per cent of cases wath unilateral pneumothorax and m 10 per 
cent of mductions m cases where pneumothorax was already present on the other side 
In the majonty of the unilateral cases, symptoms were slight or absent In most of the 
bilateral cases, symptoms were severe enough to require needle deflation or catheter 
drainage, and m the bilateral group the lung rupture was fatal m 5 mstances 

The present wnteis were stimulated to reinvestigate the problem of lung 
trauma at pneumothorax induction by the occurrence of a nearly fatal lung 
perfoiation w’'hich was seen at the Montefiore Hospital Sanatorium 

H D , a 44-jear old man with far advanced bilateral fibrocaseocavernous pulmonarj 
tuberculosis, had been receiving left artificial pneumothorax treatment for two j ears 

1 From the Montefiore Hospital Country Sanatorium, Bedford Hills, New York 
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The pulmonary collapse was complicated by apical adhesions which could not be severed 
The therapy v\ as clinically effectn e, however, and because of e\tensi\ e contralateral disease 
and the inadvisability of performing thoracoplastj the pneumothorax hid been main- 
tained The lesions in the nght lung progressed and e\ca\ ated On JUI 3 26, 194S right arti- 
ficial pneumothorax was induced No diflRcultj was encountered at induction and pleural 
readings nith good oscillations nere obtained immediately The initial pressures were 
—14 —9 cm of water, final pressures after administration of 250 cc of air were —10 —4 
The patient was seen three hours later and appeared comfortable Six hours after induc- 
tion he expenenced increasing djspnea and preparations were made to decompress the 
nght pleural cavity As the decompression needle was about to be inserted, the patient’s 
condition suddenly became alarming His dyspnea increased, he was cyanotic, and there 
was tachycardia wuth a rate of 140 per minute A 19-gauge needle was inserted into the 
nght pleural cavity, pressures, of —10 +10 were recorded, and air was remo\ed A few 
minutes later the patient was severely dyspneic, intensely cyanotic, his radial pulse was 
almost imperceptible, and his skin was cold and clammy He became comatose and appeared 
moribund A 19 gauge needle w as immediately inserted into the left pleural space Positn 0 
pressure was recorded here also (—40 +10) and the left pleural space was decompressed 
The patient was placed in an oxygen tent, and air under pressure was repeatedly aspirated 
from both pleural cavities His condition improved and after removal of 2,000 cc of air 
from the left chest the pressure readings on this side became and remained negati\e The 
right lung continued to leak air and to build up tension in the right pleural cia ity After 
removal of about 7,000 cc of air from that side, wnth pressures repeatedly returning to 
highly positive after each aspiration, an indwelling needle was inserted with subaqueous 
drainage Continuous decompression was maintained for elc\ en hours, at the end of which 
time observation indicated closure of the perforation One gram of streptomycin and 
500,000 units of penicillin w ere instilled into the pleural space and the needle was remoaed 
The patient’s subsequent course was uneventful No attempt was made to maintain the 
pneumothorax on the right side, and the patient w ns gi\ en slreptomy cm intramuscularly 
in dosage of one gram daily for two months This was followed by regression of the lesions 
in the nght lung and sputum con^ ersion The left pneumothorax w as continued 

This dramatic occurrence resulted from perforation of the right lung at the time 
of induction One may speculate that removal of the support of the chest wall by 
the creation of a pneumothorax permitted an emphy'sematous bleb to rupture or 
an adhesion to tear at its visceral junction, but actual trauma to the lung by the 
induction needle is the more likelv explanation 

In 29 inductions performed at Sea View' Hospital, Sehkoff and TchertkofT (9) 
noted appreciable dyspnea in 40 per cent, and 14 per cent of their patients re- 
quired pleural decompression following induction of pneumothorax These 
authors postulated that every induction is accompanied by traumatic pneumo- 
thorax and that injury to the lung is unax oidable They attempted to demon- 
strate this by taking radiograms of the chests of patients after needling the 
pleural space without introducing air In their clinical material and with their 
technique (G, 7, S, 9) they did in fact show that every induction was first a trau- 
matic one In 19 consecutn e cases simple needling of the pleural space produced 
pulmonary collapse in every' instance, x ary mg in extent from 5 to 90 per cent 
On the basis of these findings, they recommended that pneumothorax should be 
mduced by lung puncture purposefully produced with a fine-gauge needle 
Tlicy consider this method least likely to produce a sex ere tear of the lung In 
rexiewing their data (7), it is apparent that the intrapleural pressures recorded 
xvere unsatisfactory m 5 of the 19 cases Furthermore, the clinical material at 
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ScT Vie\\ Hospitnl, a municipal institution, is probably not t 3 ’^pical of sanator- 
ium patients generally Unpublished observations on a large number of pneu- 
mothonx inductions performed at the Montefioro Hospital Sanatorium during 
the last tuo jears reaeal a much lower incidence of significant lung trauma In 
patients w ith a free pleural space, initial pneumothorax treatment wxas followed 
by sjonptoms and fluoroscopic findings indicative of defimte lung perforation m 
3 33 per cent, an incidence onc-tw elftli that repoi ted by Selilcoff and Tcliertkoff 
The present im estigation has been conducted to evaluate the validity of the 
assumption that significant lung damage is unavoidable during pneumothorax 
induction 


ALVTERIXL AND METHODS 

A senes of 23 consecutive unselected sanatorium patients who required pneu- 
mothorax therapy for control of active pulmonarj’- tubeiculosis forms the basis of 
this studj' Thirteen of them w'ere females and 10 males Their ages ranged from 
19 to 42 3 ears Tw ont 3 ’' had moderately ad\ anced tuberculosis and 3 had far ad- 
\ anced disease In 8 the lesions w ere unilateral, in 15 bilateral, and 22 had patent 
caiities (table 1) 

The patients w ere prepared for induction of pneumothorax in the usual man- 
ner, and the induction needle was inserted carefull 3 '- until intrapleural readings 
with rcspirator 3 '' oscillations were obtained on the manometer * Patients were 
not urged to breathe deeply I’nien readings had been obtained, the needle was 
removed No air was introduced into the pleural cavity A postero-anterior 
roentgenogram of the chest was made in expiration three or six hours later and 
again tw enty-four hours after pleural puncture In 6 patients (Cases 18, 19, 20, 
21, 22, and 23, table 1) expiration films were also made m left anterior and right 
anterior oblique projections The films w^ere then inspected for evidence of 
pneumothorax Some patients W'ere also fluoroscoped, but expiration films have 
been found to be more satisfactory, especially m thick-chested individuals After 
the twenty-four-hour film had been obtained, pneumothorax was induced and 
at this time air w'as allowed to enter the pleural cavity from the pneumothorax 
apparatus All punctures w ere performed with a Fischer^ induction needle It is 
felt that similar results could probably be obtained with a 19-gauge short-beveled 
needle How ever, a sharp cutting-edge cannula and dull obturator combination, 
hke the Fischer, Solomon, or Kuss induction needle, is a little safter for those 
without great experience because there is less danger of grossly overshooting the 
mark m the process of forcing a dull needle through thick skin or endothoracic 
fascia 

RESULTS 

The needling of the space wnthout mtroduction of air produced the following 
results None of the 23 patients became dyspneic In 21 of the 23 no pneumo- 

’ A Zavod or a Davidson pneumothorax apparatus was used in all cases 

* This consists of a 14-gauge sharp outer cannula and a 17-gauge 3-inch needle w ith blunt 
tip which IS inserted through the cannula for the pleural puncture (B-D Catalogue No 
LLl, p 23, items nos 475 LNRA and 475 LNRB Beoton, Dickinson and Co , Rutherford, 
New Jersey) 
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thorax space could be seen on e\piration films taken three, sjv, and twentj'-four 
hours later All 23 patients had unobliterated pleural spaces as shown ba the 
intrapleural readings (table 1) and hy the successful induction of pneumothorax 
performed tMent 3 --four hours later One of the patients, Case 1, had a traumatic 
pneumothorax reqmnng decompression after the second pleural puncture, but 
not after the first Her intrapleural pressuies n ere —13 —9 cm of n ater at the 

TABLE 1 


Jntraplural Pressures tn S3 Consccutue Intltal Pleural Punctures, with and without 

Admintstralton of Air 



BOEXTGE^OCEAra:tC CLASSmCATIOS OT LESIONS 


tN-nuriXTOAt SE.VDIKOS 

CASE 

vmrBER 

Btstnbu 

tioti 

Extent 

Predominant Types 

First 

needling* 

Second needlmgt 


Beading 
in cm of 
H.-0 

Reading 
m cm of 
H-O 

Amount 
of air 
in cc. 

Reading 

ID cm of 
HjO 

1 H S 

Unilateral 

Mod adi 

Cascocai ernous 

-13 -0 

-13 -9 

200 

-5 -3 

2 J B 

Bilatetal 

Mod fldr 

Ca£eoca\ernous 

-S -8 

-8 -6 

200 

-4 -2 

3 A W 

Bilateral 

Mod adv 

Fibrocaseocavcrnoua 

-10 -6J 

-12 -8 


-6 -4 

4 L C 

Bilateral 

Far adv 

Fibrocaseoca\ emous Tntb 
contralateral pleuntis 

-10 

-7 -3 

250 

-5 -2 

5 M A 

Bilateral 

Mod adv 

Cascoca\cniou9 

-12 -10 

-13 -9 

250 

-8 -2 

SAC 

Unilateral 

Mod adr 

Caseocai craoua 

-10 -7 

-10 -6 

300 

-8 -4 

7 S S 

■Unilateral 

Mod adv 

Cascocaiernoua 

-10 -7 


300 

-0 -5 

S L F 

Bilateral 

Mod ad\ 

Caseocai ernoua 

-S -6 

-5 -3 

250 

-4 -2 

9 F D 

Bilateral 

Mod adi 

Oiscocatcrnous 

-13 -8 

-13 -7 

300 

-10 -5 

10 S K 

Bilateral 

Mod adi 

Coseocaiernoua 

-7 -4 

-8 -4 

125 

-5 -2 

11 A R C 

Unilateral 

Mod adv 

Caseoearernoua 

-n -10 

-11 -5 

250 

-7 -1 

12 K-H 

UnHatcrai 

Mod adi 

Cascoeai ernoua 

-7 -4 

-7 -2 

250 

-5 -1 

13 B H 

Bilateral 

Mod ndi 

Fibrocaseoca^ ereouB 

-9 -7 


300 

-7 -2 

HAL 

BUatcral 

Mod adv 

Fibrocajcoca\ emoua 

-12 -8 

-7 -3 

300 

—7 — 

15 W P 

Unilateral 

Mod ad\ 

Caseoca% ernoua 

-9 -5 

-10 -8 

300 

-9 -6 

16 F K 

Bilateral 

Mod ad\ 

Fibrocaseoeai ernous 

-8 -5 

_o -5 

250 

-5 -2 

17 E T 

Bilateral 

Mod ad\ 

Cascocavernous 

-12 -11 

-12 -9 

250 

-7 -5 

18 E L 

Bilateral 

Far adv 

Fibrocascocavcrnous with 
bjlatcral picuntis 

-6 -4 

-7 -4 

250 

-6 -3 

19 R W 

Unilateral 

Mod adv 

Coscoca'i ernoua 

-9 -7 

-8 -7 

250 

-5 -3 

20 JI T 

Unilateral 

Mod od\ 

Caseocai crnou3 

-5 -3 

-5 -3 

300 

-3 -1 

21 S 

Bilateral 

Mod ad> 

Fibrocvcocnv ernous 

-n -7 

-10 -5 

250 

-5 -3 

22 S L 

Bilateral 

Far ad\ 

Fibrocnjoocai emous 

-n -7 

-13 -7 

300 

-7 -3 

23 1 S 

Bdatcral 

Mod ad\ 

Fibrocaseous with contra j 
lateral pneumothorax | 

-10 -5 

! 

-13 -5 

150 

-II -4 


• Noairpven 

t Pc’*fonncd 24 hours later Air was admiaxstcrcd at this time 
t * Traumatic pneumothonr* 


time of expenmental needling, and roentgenograms three and ti\ ent\ -four hours 
later showed no pneumothorax space After the tw entj -four-hour film had been 
taken pressures were again found to be —13 —9 (table 1) and at this time air 
w as gi\ en Lung perforation follow ed the latter puncture 
Two of the 23 patients showed the presence of air intrapleurallj on the roent- 
genograms obtained after needling alone (Cases 3 and 4, table 1) The extent of 
collapse was 10 per cent of the right upper lobe m Case 3 and 20 per cent of the 
right upper lobe m Case 4 In these 2 cases traumatic pneumothorax had un- 
doiibtedh occurred No sjmptoras were noted m cither p itient 

The question anses as to how much air must be in a plcimil space for it to bo 
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Msiblc’ Tchcrlkoff (0) states that less than 150 cc cannot he detected by any 
rocntpcnognphic technique Acrordingb, 12 patients ■v\cre c.\ammcd roentgeno- 
graphicalh t^^ ent j -four hours after induction u ith 150 to 300 cc of air In all of 
these inticnts the pneumothorax space was clcarlj' visible on an expiration film 
made t w enty-four houre later (table 2) This is not inconsistent v ith Tebertkoff 's 
estimate Visualir^ation of amounts less than loO cc was not attempted Left 
antenor oblique and nght anterior obbquc films vere made in expiration m 6 
ca^es (Cases 7, S, 9, 10, 11, and 12, table 2) in addition to the postero-an tenor 
expiration films The pneumothorax space was \ isualircd in all vieira 

TABLE 2 


Arsount o/ Pnrumolliorai Collapse Vtsuahecii Si Hours after Induction 


CAS£ KCVntX 

Al» ADUIJnSTXaX© j 

coiXArsE vistJALirri) iv 
EXrreATTOV 


cc 

fer cent 

IMA 

250 

25‘ 

2 A C 

300 

20 

3 J B 

200 

less than 6t 

4 E T 

250 

15* 

5 r Iv 

250 

15 

c M n 

300 

30t 

TEL 

250 

20* 

8 R W 

250 

15 

9 M T 

300 

10 

10 Ej S 

250 

10* 

11 S L 

300 

20 

12 I S 

150 

10* 


• Indicates per cent collapse of upper lobe onlj 
t Indicates per cent collapse of lower lobe onlj 


DISCUSSION 

As has been noted, in all 12 patients given 150 to 300 cc of air, a pneumothorax 
was visuabzed roentgenographically tw entj -four hours later (table 2) W ith iden- 
tical technique, but w ithout introduction of air into the pleural space from with- 
out, 21 of 23 sliotsed no pneumothorax space If the latter 21 suffered trauma to 
the lung, it as probably of a degree insufficient to permit leakage of 150 cc or 
more of air The possibility that smaller amounts than this entered the pleural 
space from the lung cannot be excluded Roentgenograms in other projections 
might have shown this, but in 6 cases oblique projections were made and failed 
to do so 

An alternative explanation is conceivable It might be argued that, in the cases 
where air was given, the space visualized tw^enty-four hours later actually con- 
tained more than the amoimt of air which entered from the outside, possibly lung 
leakage phis the air administered, and that the amount of air necessary for visual- 
ization is really much greater than stated If this were so, perforation of the 
visceral pleura could ha\ e occurred in all of our 23 patients But for some reason 
this hypothetical leakage is alw^ays less than in the cases where air is given and a 
space IS visualized Perhaps this is a result of earher closure of a perforation when 
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the pleural surfaces are not separated by injected air On the other hand, it would 
seem that the injection of air would of itself tend to close a small rupture b 3 ' dc- 
ci easing the vacuum in the space 

There is little doubt that lungs vhich are the seat of verj' extensive disease arc 
more likely to be traumatized b 3 ' a pneumothorax needle Bihteial lesions, 
emph 3 'sema, and contialateral collapse b 3 pneumothoiax orthoiacoplast 3 make 
the hazard still greater The less diseased portions of the lung aie expanding more 
fullj’- v ith each inspiration in order to compensate for reduced \ entilator 3 capa- 
cit 3 ’-, and it is ox^er these areas that the induction needle is inserted Furthermore, 
vhen a perforation does occur in a lung which contains ver 3 extensive fibrosis 
and emph 3 ’'sema, its closure is impeded b 3 '- the deci eased elasticity of the organ 
Most of the cases needled and reported herein w ere not of this t\ pe but \\ ere of a 
character foi which pneumothorax is usualh’’ used m current piactice In these, 
the theor 3 ' that “traumatic induction” is inexutable and unavoidable was not 
confirmed 

In some instances, despite careful technique, the lung is perforated at induc- 
tion This ma 3 ’’ produce no S 3 Tnptoms Everj-- patient m whom a space is not 
demonstrated bj' manometer readings should have a roentgenogram of the chest 
in expiration twentj^-four hours after needling A pleural space nia 3 ’' be present 
and may then be visualized because of escape of air through a traumatized vis- 
ceral pleuia 

Further investigation along the lines indicated and using different roentgeno- 
graphic projections would be helpful m establishing correlation between the 
amounts of air administered and the roentgenographic appearance following 
pneumothorax induction 


STTMXURY \ND CONCLUSIONS 

1 With the method of pneumothorax induction emploj ed, trauma to the lung 
w as prox ed to haxm occurred in only 2 of 23 cases In neither instance w ere recog- 
nizable symptoms noted and the collapse was discoxcred solely bj roentgen- 
ograph 3 

2 In 21 of 23 cases it was not possible to demonstrate escape of air from the 
lung follow mg pleural puncture m amounts sufficient to bo seen on expiration 
radiograms up to tw entj -four hours later 

3 A pneumothorax space w as mx anablj' demonstrated bj identical roentgeno- 
graphic technique when air m amounts of 150 to 300 cc xxas injected 

4 In the majoritj of patients w ith unilateral or bilateral moderately adx’anced 
pulmonarj tuberculosis, the conx cntional method of pneumothorax induction 
w Ith a blunt needle does not cause trauma to the lung of sufficient degree to per- 
mit escape of air demonstrable bj axailable roentgenographic methods 

SUXLXrUO V CONCLUSIONES 

Trainnahsmo Pulmonar cn la Inducadn del Naimoldrax 

1 Con la tdcnica empleada para la induccidn del ncumotdrax, s6Io en 2 do 23 
casos se comprobd que haWa ocurndo traumatismo pulmonar Ni cn uno ni cn 
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otro caso hubo slntomas reconocibles y el colapso fu6 descubierto solamente por 
la radiografla 

2 En 21 de 23 casos no fu6 posible observar, despu6s de la punci6n pleural, 
escape de aire en cantidades suficientes para mostrarse enlasradiografiastomadas 
a la expiracidn hasta vemticuatro boras despu4s 

3 Un espacio neumotordcico fu4 invanablements revelado con una t^cmca 
roentgenogrdfica id^ntica al myectar aire en cantidades de 150 a 300 cc 

4 En la mayorla de los enfermos con tuberculosis pulmonar uni- o bilateral 
moderadamente avanzada, la t^cnica convencional de inducci6n del neumotdrax 
con una aguja roma no ocasiona suficiente tiaumatismo pulmonar para poder 
observar escape de aire con las actuales tficnicas roentgenograficas 

REFERENCES 

(1) Braubb, L Der Therapeutische Pneumothorax, Deutsche med Wchnschr , 1906, 

S2, 652 

(2) Robinson, S , and Floyd, C Artificial pneumothorax as a treatment of pulmonary 

tuberculosis. Arch Int Med , 1912, 9, 452 

(3) Balboni, G M The development of modem artificial pneumothorax, Boston Med 

Surg J , 1914, 171, 147 

(4) Morgan, W P Artificial pneumothorax Fundamental defects in the accepted 

technique of inducing pneumothorax, and how to remedy them. Lancet, 1914, 
2, 90 

(5) Jones, K P Artificial pneumothorax technique. Am Rev Tuberc , 1934, SO, 670 

(6) Tchebtkofp, I G The role of traumatism in the induction of initial pneumothorax, 

Quart Bull , Sea View Hosp , 1936, 1, 398 

(7) Tchebtkoff, I G , and Selikoff, I J The role of traumatism in the induction of 

initial pneumothorax Further studies. Quart Bull , Sea View Hosp , 1947, 9, I 

(8) Tchertkoff, I G , Selikoff, I J , and Robitzek, E H The role of trauma in initial 

pneumothorax, Dis of Chest, 1948, H, 475 

(9) Selikoff, I J , Tchertkoff, I G , and Robitzek, E H Initial pneumothorax 

A new safe induction technique, Quart Bull , Sea View Hosp , 1948, 10, 93 

(10) Karan, A A Ruptured lung dunng the induction of initial pneumothorax. Am 

Rev Tuberc , 1933, 28, 429 

(11) Rubin, E H Pneumothorax treatment of pulmonary tuberculosis. Medicine, 1937, 

16, 351 

(12) Obnstein, G G , Herman, M , and Friedman, M A study of the behavior of gases 

in the pleural cavity in artificial pneumothorax therapy for pulmonary tuberculosis, 
Quart Bull , Sea View Hosp , 1946, 8, 5 

(13) CoBYLLos, P N , Konterwitz, H , AND Levine, E R The clinical application of 

gas analysis in artificial pneumothorax. Am Rev Tuberc , 1932, 28, 153 

(14) Alexander, J The Collapse Therapy of Pulmonary Tuberculosis, Charles C Thomas, 

Springfield, 111 , 1937, p 243 

(15) Ustvedt, H j Pulmonary Tuberculosis and its Treatment, Staples Press Ltd , 

London, 1947, p 191 

(16) Mattill, P M , and Jennings, F L Accidents and complications of artificial pneu- 

mothorax, Am Rev Tuberc , 1940, 41, 38 



A CLINICAL STUDY OF THE TOXIC EFFECTS OF DIHYDROSTREP- 
TOMYCIN AND STREPTOMYCIN* 

CHARLES M DOMON, PHILLIP C KILBOURXE. ERNEST Q KING 
(Received for publication Julj 1, 1949) 

INTRODTTCTION 

Dihydrostreptom 3 "ctii is prepared b.v the catoljtic hj drogenation of strep- 
tomj^cin It \tas first desenbed bj' Peck, Hoffhme, and Folkers (1) m 1Q40 
In viiTO studies showed that this new drug had about the same antimicrobial 
spectrum as streptomycin and about the same degree of potencj’ Subsequent 
animal and clmical trials suggested that the tOMcitj’’ might be significantlj' 
lower, particularly \nth respect to “hj-persensitivity” reactions and embarrass- 
ment of vestibular function (2, 3, 4) More recent studies have \nelded conflicting 
data, some of uhich seem to show a relativel}' earlier onset of vestibular damage 
with streptomjcin, but with roughly the same incidence of to\ncity with both 
drugs by the time treatment was concluded (5) hlarked hearing loss in as manj 
as 25 per cent of the patients has been reported, occurring two to three weeks 
after dihj'drostreptomycin w as discontinued (5) An “e\plosi\ e” (> pe of \ estibu- 
lar damage has also been seen recenth’, dei eloping suddenlj as earh' as forty- 
eight hours after treatment was started ivith doses presumed to be safe (G) 

In most climcal studies mth dih 3 'drostreptomycin, the amount of to\icit 3 
produced was compared with that which had been produced in the past with 
equnalent doses of streptom 3 cin Current opinion about the effect on the 
\ estibular apparatus of two or three grams of strcptom 3 cm is based largeli on 
the expenence gained from 1945 to 1947, w hen these doses w ere w idcl 3 emplo 3 cd 
in the treatment of tuberculosis It was thought desirable to test dilndrostrcp- 
tom 3 Cin against currenth produced strcptom 3 cin due to the possibiliU (hat 
earlier observations of the toxic effects of large doses of streptom\cin might not 
at present apph 

IMicn the damaging effects of these two dmgs are compared in a small senes, 
it IS necessata to use a dose high enough to produce a significant amount of 
to\icit 3 ' with at least one of the dnigs One gram of streptom\cin daih is the 
usual dose currenth employed m the treatment of most forms of tuberculosis 
This dose is known to produce \ estibular damage in onh about 5 per cent of 
the patients Thus a \er 3 ' large senes of cases would ha\e to bo treated with this 
dose of dilndrostrcpfom 3 cin before comparable results could be obtained 
The alternate c method is to treat two groups of patients with dih\dro-trcp- 
tonncin and strcptomacin in large enough doses and for a cuffiiicnt length of 
time to produce a significant amount of toxicita in a small serie*'^ 

'From the Ditision of Tuberculosis, Department of Medicine, Howard lnnrn-it\, 
Washington, D C 

*This sluda was aided in part Iw a grant from the Dninon Research Granta and 
Fellowships of tlic National Institutes of Health, Public Health ^f-aice HIG •'•as frh 
Howard M Pa\np, MD Principal Inves*igato-> 
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Early m November 1948 a quantity of dihydrostreptomycin^ was made avail- 
able to the Tuberculosis Service at Freedmen’s Hospital for toxicity studies 
To provide a “control” group, an eqmvalent amount of streptomycin^ was 
obtained Careful examinations for toxic effects would be earned out at regular 
intervals 


MATERIALS AND METHODS 

Twenty patients were selected for study and were divided into two groups of 
10 each in such a manner that age, weight, and sex were roughly the same in 


TABLE 1 

Comparison of Slrepiomycin-ireaied and Dihydrosirepiomycin-ireated Groups 



TOTAL 

STBZI>TOirYaV 

DIHYDBO 

SXIl£PTOM\aN 

Number of patients 

19 

10 

9* 

Average age (j ears) 

27 9 

27 9 

27 9 

Average n eight (pounds) 

121 0 

121 0 

120 9 

Sex 




Male 

6 

4 

2 

Female 

13 

6 

7 

Stage of disease 




Far advanced 

14 

9 

5 

Moderately advanced 

4 

1 

3 

Minimal 

1 

0 

1 

History of streptomj cm treatment 




Within 6 months of study 

2 

1 

1 

More than 6 months prior to study 

6 

6 

1 


• One patient assigned to the dihydrostreptomycin group died after fifty-seven days of 
treatment without having shown any signs of toxicity, and is not included in this analysis 


both groups One group was then selected for dihydrostreptomycin treatment, 
the other to receive equal doses of streptomycin (table 1) 

Each patient received 3 0 Gm of drug daily This was given m divided doses 
of 1 0 Gm every eight hours Each gram was diluted with distilled water so 
that each ml contained 500 mg The injection was given in the upper outer 
quadrant of the gluteal region Because of the large doses of the drug bemg used, 
treatment was stopped at the first definite indication of vestibular damage, 
either subjective or objective, unless the patient’s need for and apparent response 
to treatment justified its continuation 

The toxic symptoms which were a basis for discontinuing either drug were as follows 

1 The syndrome of vestibular dysfunction characterized by 

a Aiaxia — patient unable to walk alone in extreme cases If thej are able to walk, 
they walk with a broad base and are unable to walk a straight line 
b Nausea and vomtling 

c Visual dysfunclion—imtiol difficulty in focusing particularlj for near vision 
d Dizziness — aggravated by accelerating or turning movements 

’ Obtained from Merck & Company, Inc 

* Provided bj the Central Coordination and Analysis Office of the Tuberculosis Study 
Section, National Institutes of Health 
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e Tinnitus — nnging, roanng, or hissing sound in either car 

f Spontaneous nt/stapmus— regular rhjthmic movement of the ej chills in lateral, 
vertical, or rotarj directions vnth definite fast and slow components 

2 Deafness increasing under treatment 

3 Severe blood djscrasias 

4 Exfohativ e dermatitis 

In addition to the above, pain and local reaction at the site of injection and 
drug fever were watched for and recorded when they occurred but were not 
considered as a basis for stopping treatment 

All patients w ere questioned and examined daily for sjTnptoms and signs of 
toMcitv'- Great care was taken to see that no "leading questions” were asked of 
these patients concerning any of their symptoms, particularlj'- those which might 
be considered evidence of vestibular damage No specific questions were asked, 
for instance, concerning dizziness unless the patient had already volunteered 
the information that he was dizzy 

Prior to the administration of either drug, determinations of the blood non- 
protein-nitrogen, complete hemograms, unnalj'ses, audiograms, caloric stimu- 
lation, and roentgenograms of the chest were obtained and were repeated at 
regular intervals thereafter One of us has modified the caloric stimulation test 
devised b}' Glorig and Fow Icr (7) in order to make it com enicnt for large numbers 
of patients to be tested 

Modified Glong and Fowler Calorie Stimulation Test 

Equipment 

1 Back boards at 30® angle 

2 One gifion thermos jug with spigot 

3 Rubber tubing 

4 Glass tip 

5 Centigrade thermometer enclosed in a glass lube so that the w atcr flows past the bulb 

C Floor stands for intrav enous administmtions 

7 Stop watch 

8 20 cc sjnngc with short rubber tubing attached 

9 Basins, towels, et cetera 
Procedure 

1 The patient is positioned so that he lies on the back rest with the head at an angle of 
30® with the floor 

2 Tlie thermos jug is filled with water adjusted to 30® C and hung from the intra- 
venous stand ibouteightccn inches above the patient's head Tubing is connected so 
tint water flows past the thermometer bulb and out the gloss tip almost immcdi- 
ntelv thereafter 

3 The glass tip is introduced into the nght external car canal and the canal is irngated 
with water at 30" C for cxactlj fortv seconds bv the stop watch The duration of the 
nvstagmus produced is then timed from the start of stimulation 

4 If no response is produced, the test is repeated m the left car 

5 If no response is produced bv water at "0® C in either car, 20 cc of ice water (0° C ) 

IS run into the nght carslowlv bv means of a svnnge with rubber tubing tip Tlie 
duration of the response is recorded 

Inlerp'c’rtior 

1 11 nvstagmus fasting longer than IDO seconds js produced bv 30' C in cither car, the 
response is norma! 
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2 If no nj-stngmus is produced bj 30° but some n\stagmus, however transient, is pro- 
duced by ICO w atcr, the response is diminished 

3 If no nj-stagmus is produced bj cither ice water or water at 30° C the response is 
absent 

These three categories are mutuallj exclusive and all test results fall into one of these 
categoncs 

TVBLE 2 

Laboratory Data Obtained on Patients in Both Groups 


CLOOD LON 
PROTEIN 
VITROCES, 

URIVALYS15 

NEUTROrniL 

LEUKOCYTES 

UC rEE 

LYMRaoevne RATIO 

PER CU Hil 

100 CC 





EOSINO- 
rniLs PER 
100 LEUKO- 
CYTES 
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The first sjTnptom complained of b}* all of the patients was soreness at the 
site of injection which in the majority of cases persisted throughout the treatment 
In the dihydrostreptomj'cin-treated patients, there was a marked diminution 
in complamts of local soreness and pain when dih 5 'drostrcptom} cm sulphate Mas 
substituted for dihydrostreptom} cm lydrochlonde The diln drostreptomj cm 
h}’'drochlonde was given for the first si\ weeks of treatment 

Sireptonujcin Sulfatc-trcaie^l Group 

In the streptomj'cm sulfate-treated group, no significant s3'mptoms de\ clojicd 
until the third week of treatment 

On the fifteenth daj of treatment one patient (S hi ) began to complain of 
seiere dizziness, ataxia, \isual disturbances, and had spontaneous n^stagmus, 
all of vliich progressed during the next fortj'-eight hours Strcptomjcm Mas 
discontinued on the eighteenth da}', after Mluch the samiptonis rapidlj dis- 
appeared Caloric stimulation tests performed on the tenth, seientccnth, and 
tM ent 3 '-fourth da} s m ere normal A calonc stimulation test on the thirt} -first da}' 
of treatment shoMcd no response to ice Mater and all tests since that time shoMcd 
no response 

xVnother patient (J B ) developed s}*mptoms on the eighteenth da}' of treat- 
ment lasting for approxamatel} five days Treatment M*as not discontinued at 
this time because the s}’mptoms Mere considered to have a largo subjccluc 
component and because the patient’s disease seemed to respond faaorabh to 
streptom} cm The drug m as finally discontinued on the tM ent} -third day because 
of increasmgl} se\ ere \ cstibular s}'mptoms A calonc test on the sc\ entcenth da} 
of treatment, just before the onset of s}mptoras. Mas normal Unfortunatcl} , 
the patient became recalcitrant Mhen her s}mptoms began and for the next 
tMO Meeks refused the test On the thirt} -eighth da} there Mas no responso to 
ice Mater Since that time Meekly tests haae shorni no response except for a 
diminished response on three scattered occasions, including the last test mIucIi 
Mas four months after treatment Mas started (figure 1) 

A third patient (D S ) dc\ eloped dizziness and ataxia on the tM ent} -second 
daa of treatment and the drug m as stopped fn c da} s later (tM ent} -sc\ enth da\ ) 
The calonc response on the tM ent} -fourth day Mas nonnal but there has been no 
response after the thirt} -first da} 

A fourth patient (B W ) expeneuced transient dizz} sensations on the four- 
teenth da} of treatment mIiicIi Mere of short duration and not considcrcil sci ere 
enough to justif} cessation of treatment She became ataxic, complained of 
seiere dizziness, and had nausea and \omiting on the tM ent} -eighth daN of 
treatment The drug Mas stopped on the thirtieth da^ of treatment, after mIiicIi 
the s}-mptoms subsided The calonc «;timulation tc'-t on the thirt} -first da} of 
trentmont slioMcd a normal response 

fifth patient (J M ) developed simptoms on the tMent\ -third da} of treat- 
ment con‘.i‘:ting of dirzmess, blurred \ tinnitis, and ataxia Spontanton« 
n\^tamlnls Mas abo noted Tht«c sxinptoms increased in «-e;critv until the 
thirtieth da\, at mIiicIi time the treUmeat Mas ‘^toppctl V calonc te^t on the 
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sc^entccntll da}* was normal, but those on the t\\ enty-fourth and thirty-first 
da^ s ere interpreted as shoM mg diminished response On the thirtj -eighth day 
the test shoi\ed no response and all subsequent tests ha\e yielded a similar 
result 

A sixth patient (I A ) complained of Ynild dizziness on the eighteenth day of 
treatment but her sj-mptoms Mere not sufficiently severe or chaiacteristic to 
justify the diagnosis of vestibular damage due to streptomj cm Streptomj'cin 
Mas therefore continued On the fift3'-second day there Mas progression of her 
s\'mptoms and a caloric stimulation test shoued no response to ice Matei 
Because of this eMdence the treatment Mas discontinued tMo daj's later 
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NO WEEKS SINCE START or THEATMIKT 


CALORIC RESPONSE • NORMAL © DIMINISHED Q ABSENT 


f " "1 STREPTOMYCIN 3 CRAMS DAILY 
*Prevleus Sirepfotajcln 


II START OF 

PIZZ1NE5S ATAXIA ETC 


Fig 1 Relation of symptoms, calonc response and streptomj cm treatment (10 patients 
treated v.nth 3 0 Gm dail j ) 


(fiftj'-fourth day) This patient had normal caloric response on the tM-enty- 
fourth, thirtj’’-first, and tlurty-eighth days during all of Mhich time she M'as 
dizzy The dizziness and unsteadiness of gait Mhich had persisted until the 
fifty-fourth day rapidly subsided after the drug Mas stopped Except for a 
dimimshed calonc response on the seventy-third daj’’, all tests since that time 
hax e shoMm no response 

A seventh patient (R P ) had a normal caloric response at the start of treat- 
ment but M'as considered too ill to be retested until the sixty-sixth daj' of treat- 
ment Mhen a total loss of response M'as demonstrated and the drug Mas stopped 
This patient complained of dizziness in the third M'eek of treatment persisting 
as long as the treatment m as continued All the calonc tests after the sixty-sixth 
day have shovm no response 
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An eighth patient (K P ) expenenced mild dizziness throughout the ninet.v 
days of treatment At no time was it considered severe enougli to indicate 
vestibular damage The caloric response throughout treatment vas normal On 
the fourth and eleventh daj’-s after the cessation of treatment, some dizziness 
was still present and the calonc response vas dimmished Eighteen days after 
the treatment was stopped the calonc response was absent and a follow-up test 
forty-six days later showed the same result 
The ninth patient (R G ) was treated for the full three months, reccning a 
total of 270 Gm without experiencing any abnormality in calonc stimulation 
Seven weeks after cessation of treatment she was still found to haxc normal 
calonc response and no specific symptoms or signs of toxicit3' 

The tenth patient (L S ) received the full 270 Gm course of treatment and an 
additional 96 Gm immediately thereafter, bringing the total amount recen cd 
under the study to 366 Gm He has been completel}' free of signs and siouptoms 
of toxicity up until the present date All calorie stimulation tests up to three 
weeks post treatment were normal 

Dihydrostreptomycin-trcatcd Group 

One patient (M W ) w ho had far advanced disease died after fiftj -se\ en daj's 
of treatment w ithout show ing anj’ toxic manifestations Her death w as attributed 
to pulmonarj' insufficiencj'- The remaining 9 patients in this group received 
ninet}’- dajs of treatment None of these showed anj abnormality in the calonc 
stimulation test or expcnenccd anj sjmptoms referable to \ cslibular damage 
When retested sc\en weelis after the completion of treatment, there was no 
evidence of % cstibular damage 

Although the audiograms showed a slight increase in hearing loss in both 
groups of patients during the treatment and obseixalion periods, there was no 
significant diflerence between tlie loss in the two groups, and what apparent 
difference was found can probablj' be ascribed to the fact that the prctrcatnient 
and post-treatment tests were done bj' two dilTcrcnt examiners (table 3) In no 
case was there as marked a change in the audiogram as has been described bv 
Romanskj (5), end all of the patients were able to hear the spoken a oico without 
difficultv 

One patient (J J ) complained of a roaring tinnitus in the left car, with its 
onset four weeks after completing the three month oourvc of di!ndro<=trcp- 
tomjcin Her audiogram two weeivs 1 iter showed a marked lo*-* at S,lb2 < \clcs 
m the left car, but an cs^cntialh normal curac through tin re-^t of the audiogram 
IwcUe weeks after the end of treatment the tinnitus was ■^til! pro cnl and, al- 
though it iricctcd the left cir onls, the high-pitch dcifnc" w.-s found to in\uKf 
the right c-’r aKo Hicrc w-is no •-ignificant henng lo^^ througliout the loi'c 
frequencies in the \ocal range •’nd, altfiough the patient tomp!aui«l of difhcuUj 
111 hearing con\cr-atioa, an inttrxicw conduttcsl in almost vliisp^^red tone, was 
understood rcadih Otoscopic tAaminapon was ncgati.i 

One p'’tient (J S) treated with dihjdrostrentomicm *-’10. <vl an inrna'-e in 
from 53 mg per 100 cc befora treatment to 78 mg per 100 rt at the end o' 
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treatment m the blood nonprotein-nitrogen, and red blood cells were present in a 
cathetenzed specimen of iirme one n cck after treatment This patient left the 
hospital against advice and follow -up Mas not possible 

TABLE 3 

Inicrprclahon of Attdtograms 


Per cent of “Usable Hearing” Lost During Treatment 



BErORE TRCATUEKT 

ATTES ONE MONTn OT 
TREATMENT 

SIX TV EEKS ATTER 
CESSATION or 

TWELVE WEEKS ATTER 
CESSATION OF 



TREATMENT 

TREATMENT 


Dihj drostreptomj cm Group 


w c 

0 0 

0 0 


- 

F D 

5 6 

2 0 

0 4 

1 2 

G G 

0 1 

0 0 

— 

9 4 

J J 

0 0 

0 3 

1 5 

2 2 

J P 

0 7 

1 1 

— 

10 7 

U P 

0 3 

0 0 

— 

3 5 

J S 

5 1 

0 1 

— 

6 6 

A S 

1 8 

0 0 

3 8 

6 7 

M R 

— 

0 4 

0 0 

0 9 

M W 

1 7 

0 8 

Died 

Died 

Average 

1 7 

0 5 

1 4 

39 


Streptomj cm Group 


I A 

0 2 

0 3 


0 6 

J B 

0 0 

0 1 

— 

7 4 

R G 

0 7 

0 0 

0 6 

4 9 

S M 

47 !• 

45 5* 

6 5* 

7 0* 

J M 

2 8 

0 1 

— 

11 6 

K P 

8 6 

6 3 

— 

— 

R P 

1 0 

0 3 

0 7 

0 9 

D S 

0 5 

0 7 

2 8 

1 3 

L S 

1 0 

1 1 

0 9 

1 7 

B W 

3 5 

6 8 

2 0 

5 7 

Average 

2 0 

1 7 

1 4 

4 3 


• Not included in averages 


There was also an eosmophilia greater than 4 per cent in 5 patients, 3 patients 
in the dihydrostreptomycin-treated group and 2 in the streptomycin-treated 
group Only one of these patients (R P ) experienced toxic symptoms (table 2) 
This study was not primarily intended for comparison of chmeal improvement 
so that no conclusion as to the clinical efficacy can be made 

DISCUSSION 

The high incidence (80 per cent) of vestibular damage among the streptomycin- 
treated patients is stnlang when compared with the almost complete absence 
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of toxicity m the dihydrostreptomj-cm-traeted group Although this was a 
small stud\ , the difference is statistically significant 
In table 1 a comparison is made between the two groups of patients as they 
were at the time the study was started Si\ of the streptomjcm group had a 
histoi 3 ' of some previous streptomj'cm treatment, as compared wuth 2 in the 
dihydrostreptomycin group None of these patients had been treated with more 
than 20 mg per Kg daily, and only 2 (one from each group) had been treated 
wuthm the six-month period preceding this study None had showm any signs or 
sjTnptoms of streptomycin toxicitj’’ during or after their preMous streptomjcm 
treatment 

The disproportionate number of patients previously treated w ith streptomj cm 
in the streptomycin-treated group would be grounds for challenge of the com- 
parability of the two groups were it not for the striking difference in the incidence 
of toxicity found in these two groups during the study Of the S patients m the 
streptomj’cm group m w horn vestibular damage occurred, 7 dci eloped dofimtc 
e\ idence of this damage before the fifth w eek of treatment and before more than 
100 Gm of streptomj cm had been given Four of these patients had prevmuslj 
been treated with aarjnng amounts of streptomj'cm (30 to 150 Gm ) but in none 
of these 4 patients did the total amount of streptomj'cm rcceu ed, both prior to 
and during the study, exceed 200 Gm before x cstibular damage occurred 
Two other patients in the streptomjcm group had been gnen the dnig pre- 
Mouslj. One of these has sliown no measurable toxicitj The other (K P ) had 
been gn cn 18 Gm of streptomj cm immediatelj’ prior to the study at the nitc of 
1 0 Gm dailj , and show ed no definite toxicity until one w eek after completing 
the 270 Gm course of treatment He was the onij* example of \ cstibular d image 
m the streptomjcm group resulting from more than 200 Gm of streptomjcm, 
whereas all of the 9 patients m the dihj'drostrcptomj cm group tolerated 270 Gm 
or more with no measurable x cstibular damage whatsoex cr 
Hmshaw, ct al (4) reported that of 14 patients treated with dihjdrostrepto- 
mxem onlj 2 shoxxed anj’ exidcnce of x cstibular dam igo One of lhe«e had dc- 
X eloped sjmptoms of x cstibular damage from being treater! with streptonixcin 
for twelxc daxs before dihxdrostrcptomxcm was started The other patnnt dc- 
X eloped xxhat was desenbod as “niildsjmptoms of x cstibular dx 4110011011 " after 
fortj -tw 0 daj s of treatment w ith 3 0 Gm per da\ Althougfi tre itnicat « as dis- 
continued, s-ubsoquent calonc tests rcxcaled “moderate hjpoittixitx of tlie 
xestibular apparatus " None of the patients m this <-rnes was treated with a“ 
large a total dose of dihjdrostrcptomjcm as the patients m our studj , although 
one patient was treated for one hundred am! tw cut j dajs Ihe mcthtyl of testing 

for c’lonc response was not fic?cnbed 
Hobson, ft al (3) treaterl 12 patients with dihjdro'-trtplomxem \ ith 
sinking results Some of the dnig, hoxxcxer, wa« m a re’itixdj impure form 
I'd cn of these patients w ere gix en 5 0 Gm dailj for •■ixtx -fix c to one hun Irr-'l and 
ton daj s Of these, 1 she cri no caloni r^pon-e at inten nh \ arj ing fro n f lorti - 
three to one hundretJ and fiftx-two daxs aftr - the beginning of trratmf it Oik 
patient dex eloped dizzine^- on the (on j -* 10 o^d dax treatment but ws*. fn -te I 
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for seventy-five days and did not develop an abnoimal caloric response until 
more than one hundred and two days after the start of treatment. Four patients 
were treated with 3.0 Gm. a day for forty to one hundred days and of these only 
one was reported as showing an abnonnal caloric response, this being a “tran- 
sient” absence of response on the thirty-second day of treatment. Presumably 
subsequent calorics were normal. Smaller doses of dihydrostreptomycin for 
shorter periods of time apparently produced no vestibular damage. 

Romansky, Katz, and Glorig (5) have treated parallel groups of patients with 
2.0 and 3.0 Gm. per day of dihydrostreptomycin or streptomycin and report that 
after three months of treatment the incidence of absent caloric response was about 
equal in both groups, but that the onset of this damage tended to be delayed with 
dihydrostreptomycin. These investigators used a modificati on of the Glorig and 
Fowler caloric stimulation tests similar to that used in the present study. The 
correlation between absence of caloric response and presence of characteristic 
symptoms was good in the present study. The team performing the tests was not 
aware of the symptoms and did not Imow which drug the patients were receiving. 
The technique of caloric testing was observed by one of the originators of the test 
on one occasion and found reliable. We believe it is safe to conclude from the re- 
ported observations that administration of a total dose of 270 Gm. of dihydro- 
streptomycin in ninety days has caused lower incidence of toxicity than would 
be e-xpected from previously reported studies. 

Of the 8 patients in this study who lost their caloric response as a result of 
being treated with streptomycin, 2 had normal caloric tests at the time treat- 
ment was stopped. In another, symptoms of vestibular damage appeared one 
week before the ninety days of treatment were completed. It was also noted that, 
when to.xic symptoms caused the treatment to be stopped, there was still pro- 
gression of the damage to a point where there was no response to the stimulation 
of the semicircular canals. No return of caloric response to normal was observed 
in any patient during the follow-up period. With the dosage of 3.0 Gm. of strep- 
tomycin a day, cessation of treatment does not appear to prevent or minimize 
the appearance of objective evidence of vestibular damage. None of these patients 
now appear to be seriously handicapped in the subsequent period of observation. 

The lack of damage to the hearing apparatus among both streptomycin and 
dihydrostreptomycin patients is in marked contrast to the findings of Romansky, 
Katz, and Glorig (5). With similar doses of dihydrostreptomycin hydrochloride, 
approximately 20 per cent of their patients showed a marked loss of hearing which 
progressed several weeks after the end of treatment. In our series no such hearing 
loss was found, although audiograms were done for twelve weeks after the end of 
treatment. 

In our patients the hydrochloride salt was given for only six weeks, after which 
the sulfate was used exclusively. Possibly the change to the sulfate forestalled 
the development of hearing loss, but it is not possible to assume this on the basis 
of the data available. Further study is needed to clarify the relative toxicities of 
these two salts of dihydrostreptomycin. 
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STIMMAKT 

Ten patients n ere treated n ith streptomj cm sulfate, 3 0 Gm per day for a 
maximum of nmety da3''s, and 9 patients ivere treated witli dihj drostreptomj cm, 
3 0 Gm per daj' for ninetj’' daj’s All patients were obsen'ed daih' for toxic mani- 
festations, and weeklj* tests of caloric response nere conducted None of the 
patients treated mth dih3’’drostreptom5'cm showed an3' signs or s3'niptonis of 
streptom3’cm toxicit3' dunng the period of treatment or for seven n ecLs there- 
after Eight of the streptom3’cin-sulfate-treated patients developed s3Tnptoms of 
vestibular damage and subsequentl3' lost their calonc response, e\cn though 
treatment w as usualla’ stopped shorth’’ after the onset of S3’mptoms The remain- 
ing 2 streptom3 cm-sulfate-treated patients showed no signs of toxicit3’ m anv 
form The charactenstic signs and S3Tnptoms of vestibular damage were aln aa s 
followed or accompanied b3' complete loss of calonc response whether treatment 
had been discontinued or not No significant heanng loss was noted in either 
group of patients during or after treatment 

CONCLUSIONS 

1 The particular lots of dih3drostrcptomycin used in this stud3 in a dose of 
3 0 Gm a da3' gn en o\ cr a penod of ninct3' da3 s n ere much less toxic to the \ cs- 
tibular apparatus than an equal dose of streptom3cm 

2 Discontinuing treatment mth 3 0 Gm doses of streptom3 cm because of the 
appearance of \cstibulnr d3sfunction %\ill not preicnt its progression 

3 All patients who had lost their response to calonc stimulation choned pre- 
Mous s3TOptoms of icstibular d36function 

4 None of (he patients shoved ana significant hearing lo^s dunng or after 
treatment 

5 Further studic'; arc needed to clanf3 the effect of discontinuing treatment 
when smaller doses of strcptom3cin or toxic doses of d!ii3drostroptom\cin arc 
U'^od 

G Because of the method of ^election of patients for this stud\ , it is mipo'-'-iliIc 
to come to an\ lonchi'ions i oncoming therapeutic effects 

7 Further ‘^ludie-- should he done comparing the rclatno toxicitv of dih\dro 
strcptom\cin Indrothlondc and dih\drostrcptonncin sulfoto 

SLMWIO 

hf'ad'o Cliruco dr IJfrclo^ 7 orico'! dr la D.h.dro- -'n ii 

y la I •’tri n 

D’C? enfemo^ Uieron tratado- con stilinto do i-treptoniu iti''. 3 0 fiin di-uio" 
Instaunmixmo do noienta (U"s, \ otro' ‘itratado-eoruhh’d'w trr ptomi. ina, 
30 Gm dianocpor noernte dlas 'IikIo^Io- p'^ewntes fitf-on ob-< ,j, , 5 - 11 - 

mento en Ini'i a do m' n.ft 't"( lorr tGxir-'s eptntindo<- rdoi.’fs 

manaloi CO b rra'-cit'i’i i done'' Ninguro <k !o en'rrno twitadci roa dihi 
<ir<- -"-tplonMcnia nir* ,.''0 el nv "o" ‘ gno o tlntoma (h intfosi ''onVi r-trs pfoa i 
eSn I a diiran'o f ! nodo do tr-t .mu ato o pnr 'e • aria' d pr/' () ho d^- 
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IcvN {rvintlc'- con *'nli ’f o tic r ‘^troptnmirmn r('\ oinron vliUomns de lesion \ oslibulnr 
\ p rdt. ron <i< {nn'- mrcion e-vldncn, sum emndo el tmtnnnento fut por lo 
fcmr''! >'U‘-p^iu1k1o poi o dc'-jnii's de In iniciaciiin de los ^intoniiiH Los otros 2 
trnt’ido-- con snlfi'o ni ts*n ptoimnnn no rtnelnron signos de into\icfici6n cn 
mngunn fojmn 1 tSjnt o^ -n^no'i \ ‘-Intomns de Ic'-irtn \C''tihulnr fueron sicmprc 
'zondo^ o nconip u'rulos <ie jk'rdul'i total de Inn'iii en'incnl6nen, \ '\‘-onbindonnrn 
o no 1 1 trttninic,no Ni en nno ni en otro pnipo de enfennos notd'^o pCrdidn sig- 
nifuntwn de In nudiciun durinte el tmtnmiento o di^pu^s 

COSCU stOM.S 

1 I O'- lot<'' de bulriv '■In ptomieinn n*-ndos cn C''te cstudio a doMS dc 3 0 Gm 
<bnno , ndmini'-tr'ulo" diinnto un jierlodo de no\entn dins, fueron muebo mcnos 
t5\ici"' pnnv <1 'ipnrnto \e‘-tibuhr quo unn do‘-is ipunl de cslrcplomicina 

2 Ln vni'tp'n'-ion dO trntnmunto con do'-is de 3 0 Gm do catrcptomicinn, 
debulo n In npnncion de dnfunrujn \e‘-tibuhr, no impodirl In ngrn\nci(5n de la 
ullinn 

3 '1 «xios los panente^ qiic pcrtlieron ‘=0 oapacul'id para reaccionar a la excita- 
cu'n C'llorua naelaron antes •-Intoinn'- de disfuneidn \cstibular 

} Xingitno de lo*- enferrnew mo-tru mn\or p^rdida de la nudicidn durante el 
tratanncnlo o de‘-pu(^'' 

5 Xecesltans<' mts estudios para e=rlarccor cl cfecfo dc la suspcnbidn del tra- 
tamiento ciiando usan dosis nni*' pequefiius de cstrcplomicina o dosis tdMcas 
dc diludrcK’'-(rcpto:nicina 

fi Debido a! m^todo «eguido en la teleeeidn de enfermos para cste cstudio, re- 
sulta imposible rdf-ansar « onrlusiones rclatnaa a cfccto ternpiCutico 
7 Dclxai reaiirar^e nueaos e-tudios comparando la rclatna lovicidad del 
clorhidrato dc cstreptomirina j del sulfalo de dihidrocstrcptomicma 
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greater severity over a period of several months, was common to most of the 
patients discussed. 

Physical cxaminalion: Physical examination usually revealed tenderness, par- 
ticularly over the right lower quadrant. Thickening of the cecum and gaseous 
distention of the abdomen were occasionally noted. 

Roentgenographic examination: Roentgenographic examinations by means of 
barium enema were done before, during, and after the course of treatment. The 
procedure was repeated recently in all patients still available to determine late 
results. The findings varied considerably. The commonest positive finding con- 
sisted of spacticity of the colon, particularly in the cecum and ascending colon, 
and in some cases irregularity of the mucosa, suggesting ulceration. Shortening 
and contraction with deformity occurred in some. Double contrast enemas were 
not used. 

Proctoscopic examinations: Proctoscopic examinations were done at intervals; 
usualb’’ the instrument was inserted to a point about 24 cm. above the anus. 

Bacteriologic stndies: Examination of the stools for tubercle bacilli was done 
in some cases but was of practically no value in verif 3 dng the diagnosis because 
of the fact that practically all patients in this series were discharging tubercle 
bacilli in the sputum. Tubercle bacilli can be found in the stools of 30 per cent 
of patients vdth pulmonaiy tuberculosis ndth no demonstrable gastrointestial 
disease. 

Assignment into groups: On the basis of the diagnostic evidence, the cases 
were diidded into three groups. The first group consisted of 12 patients diag- 
nosed as “verified tuberculous enterocolitis” because of symptoms, physical 
examination, and course, with or without roentgenographic findings compatible 
with the disease. In every instance, however, the diagnosis was verified by 
the finding of tuberculous ulcers on proctoscopy, or the finding of tuberculous 
lesions on biopsy of the appendix, or by post-mortem findings. The second group 
consisted of 10 patients diagnosed as “probable tuberculous enterocolitis” on 
the basis of symptoms, course, and physical examination, usually with bowel 
roentgenograpliic findings compatible with this disease. In the opinion of ex- 
perienced clinicians, there was practically no doubt possible that this group had 
tuberculous enterocolitis. The third group of 8 patients was diagnosed as 
“suspect tuberculous enterocolitis” because of symptoms and physical findings 
suggestive of the disease before therapy. The diagnosis is open to question 
among the patients in the third group. It is probable that some of these had 
other causes for their symptoms, particularly functional bowel distress, or they 
may have had both functional and tuberculous disease. Cases of tuberculous 
peritonitis are not included in this series. 

Therapeutic regimen: All patients were on routine sanatorium rest treatment 
and received a special nonirritating diet before, during, and after streptomycin 
treatment. Efforts were made to rule out other gastrointestinal disease bv 
appropriate studies. Many patients had a preliminary course of antiamebic 
medication as a therapeutic trial. All stools were negative for bacillary dvsen 
tery, and no evidence of nonspecific ulcerative colitis was present on nmoto." 
copic examination. ^ 
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the basis of symptoms, course, and physical examination, usually with bowel 
roentgenographic findings compatible with this disease In the opinion of ex- 
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among the patients in the third group It is probable that some of these had 
other causes for their symptoms, particularly functional bowel distress, or they 
may have had both functional and tuberculous disease Cases of tuberculous 
peritonitis are not included in this series 

Therapeutic regimen All patients were on routine sanatorium rest treatment 
and received a special noninitating diet before, during, and after streptomycin 
treatment Efforts were made to rule out other gastrointestinal disease by 
appropriate studies Many patients had a preliminary course of antiamebic 
medication as a therapeutic trial All stools were negative for bacillarj' dj^sen- 
tery, and no evidence of nonspecific ulcerative colitis was present on proctos- 
copic examination 
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Dosage of streptomycin vaiied from 0 5 Gm m one intramuscular mjection 
daily to 2 0 Gm daily dmded into four injections The duiation of tieatment 
varied fiom fort 5 ’'-five days to several months The larger dose and longer dura- 
tion of treatment V ere used at the beginning of streptomycin treatment m 1947 
The majority of the patients leceived the small dose and short duration of treat- 
ment which IS still in use 

Obsenabons 

In addition to the usual monthlj’’ le-examinations of each patient for pulmo- 
nary disease, data were collected at inter\mls on gastrointestinal sjnnptoms, 
barium enema findings, proctoscopy, stool examinations, and resistance of the 
microorganisms All drug-sensitmty tests were performed on tubercle bacilh 
isolated from the sputum The follow-up obser\mtions were continued to the 
present time on all patients still alive 

RESULTS 

The outstanding features of each case m Groups I and II are shoMm m tables 
1 and 2 The Group III (suspect) cases are not tabulated because of the pau- 
city of objective findings m this group 

Symptoms In Group I, the “verified” group, 9 (75 per cent) patients showed 
marked improvement in bowel sjuaptoms, one was ummproved, and 2 died at 
the end of the course of treatment In most cases the symptoms were brought 
under control verj’’ quickly, sometimes mthm a few days, usually nothin a few 
weeks By “marked improvement” is meant great diminution or absence of 
anorexia, nausea, emesis, abdominal distress, and diarrhea Gam in n eight and 
improvement m general condition usually followed 

In Group II (10 cases of “probable tuberculous enterocohtis” 4 patients died, 

4 (40 per cent) showed marked improvement, 2 (20 per cent) showed shght im- 
provement 

In Group III (“suspect”) 4 (50 per cent) patients showed improvement and 
4 showed no change 

Of all the patients who showed definite improvement of sjmiptoms on treat- 
ment only 3 had recurrence This was associated with progression of the pa- 
tients’ pulmonary disease several months after the end of treatment 

Physical examination In the patients who showed symptomatic improve- 
ment, there was generally less tenderness over the bowel than prior to therapy 
In a number of the patients who achieved good results, there was complete 
absence of any abnormal tenderness in the cecal region for penods of many 
months after therapy 

Roentgenographic findings In the “verified” group, 9 patients showed defimte 
abnormahties on barium enema prior to treatment, of these, 2 died, 5 showed 
evidence of improvement, and one was unchanged The evidence of improve- 
ment noted usually consisted of lessened spasticity of the colon and less irregu- 
larity of the mucous membrane outline Onl}’' one patient with a roentgenogram 
which revealed pathologic changes before therapy had normal roentgenographic 
findmgs after therapy 
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In the “probable” group, 6 cases presented definite evidence of bowel abnor- 
malities on barium enema prior to treatment, in 2 cases the barium enema was 
negative, and 2 patients were too ill for the examination Banum enema after 
therapy revealed persistence of pathological findings but some improvement m 
4 of the above 6 patients One patient died, and one revealed progressive im- 
provement to a normal barium enema eleven months after therapy One pa- 
tient mth normal roentgenogram before therapy presented normal findings after 
therapy One patient, normal before, showed contraction and defomuty ten 
months later, associated mth relapse m symptoms 

In the “suspect” gioup, 6 cases showed normal barium enemas before and 
throughout the observations, 2 revealed minimal evidence of pathology before 
and after therapy, with no essential change 

Proctoscopic examination In Group I, 9 patients had smgle or multiple ulcers 
prior to therapy, m one case the bowel appeared normal, and m 2 cases proctos- 
copy was not done 

In Groups II and III, all proctoscopic examinations were negative before and 
after theiapy 

Repeat examinations after therapy revealed heahng of all the ulcers except m 
one patient, m whom some were still present, though smaller two months later 
Healmg could be noted withm a period of weeks All ulcers remamed healed, 
but m one patient two small (3 mm ) new ulcers were found rune months after 
therapy 

Biopsy In 2 cases laparotomy was done for appendicitis and histologic sec- 
tions revealed tuberculosis 

Post mortems Two patients died shortly after the end of streptomycm ther- 
apy Post mortems revealed extensive ulcerative cohtis m both cases, but no 
change was obseiv-ed that could be attributed to streptomycm treatment These 
2 patients (hi D and L T ) failed to respond well to streptomycm therapy 
Neither had received the drug before Tubercle bacilh obtained from the sputum 
were “shghtl 3 ’' resistant to 12 5 7 ” m one, the other had a negative culture 
Symptoms were dimmished in one patient while on treatment, unchanged m 
the other Both patients had a rapi^j’’ progressive course to death The failure 
to respond to chemotherapy must be attributed to ovenvhehmng infection m 
the termmal stage of the disease There was no endence to suggest that heahng 
occurred on therapy, with relapse later 

Correlation of Pulmonary and Bowel Improvements in Groups I and II (2B Cases) 

In 8 patients whose chest roentgenograms showed defimte improvement on 
streptomycm treatment, improvement of bowel symptoms was also noted 
Two of these later showed progression of pulmonary disease wuth recurrence of 
bow'el symptoms three and twelve months after the end of streptomj’-cm ther- 
apy 

Of the group whose chest roentgenograms revealed no defimte endence of 
improvement, 6 patients died, with shght or no improvement m bowel symp- 
toms, 5 patient-s had ulcers heal and experienced marked improvement m bowel 
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symptoms, and one patient had bowel symptom improvement with recurrence 
m seven months 

In 2 patients the presence of a thoracoplasty, one done before streptomycin 
treatment and one after, made evaluation of the pulmonary response difficult 
In both cases marked improvement of bowel symptoms occurred 

The best results were obtained m those patients m whom collapse therapy 
caused the “conversion” of the sputum Four such patients (3 thoracoplasties 
and one pneumothorax with lysis) remained asymptomatic three months, 
mne months, ten months, and eighteen months, respectively, after begin- 
nmg of streptomycin treatment Two are at home, one is working (Case 8) 

Correlahon of Banum Enema mih Streptomycin Treatment 

Improvement m symptoms was much more marked than improvement m the 
roentgenographic appearance of the bowel In patients whose films showed 
little or no change, it was common to find marked to complete disappearance of 
symptoms Improvement, when present m the roentgenogram, usually consisted 
only of diminution of spasm All patients who showed improvement roentgeno- 
graphically also improved symptomatically Return of an abnormal roentgeno- 
gram of the bowel to normal was rare, but was noted in one patient over a penod 
of eleven months Symptoms m this patient improved rapidly on treatment 

Dose and Duration 

The small number of patients allows of no significant statistical analysis of 
the effectiveness of the vanous streptomycin regimens However, the 0 5 Gm , 
sixty-day course of treatment apparently produced good results m suppressing 
symptoms and in the duration of this effect The larger doses and longer courses 
gave no defimte evidence of better results 

Drug Resistance of Microorganisms 

Values for the drug resistance of the tubercle bacilli obtained from the sputum 
at the end of therapy in each case (where available) are indicated m tables 1 and 
2 The designation S means sensitive, VSR, very slightly resistant, SR, slightly 
resistant, and CR, completely resistant The organisms were cultured on sohd 
medium with 1 0 7, IO7, and IOO7 of streptomycin per cc Data are msufficient 
to determme the effect of resistance on the further climcal course of the enter- 
itis 

niscussioN 

Prior to the widespread use of collapse therapy, tuberculous enterocolitis 
was very common, and large numbers of examples were always present in this 
institution Collapse therapy procedures haxe cut down the incidence very mark- 
edly m recent years After the use of streptomycin on a large scale, the mcidence 
was reduced still more, possibly because this complication was prevented either 
by the drug per se, or by the fact that collapse therapy could be used m more 
patients than before As a result, the number of cases of tuberculous enteritis 
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seen lecently is very small, and it occurs mostly in patients vlio alreadj’- liave it 
when admitted 

It is evident that streptom3’’cm is a most effective drug in the treatment of 
tuberculous enterocolitis It usuallj’’ controls the s3'mptoms quicklj’', often dra- 
maticall3’- J\Iost patients mamtam this S3Tnptomatic relief over long periods of 
time, although several shoved relapse m a few months The latter v ere patients 
VTth piogressne puImonar3’- lesions and sputum positive for tubercle bacilli 
Some of the patients seem to remain almost as3Tnptomatic in spite of little or 
no improvement m the chest roentgenogiam or sputum status In those patients 
whose disease was progressing rapidl3' toward a fatal termination, the strepto- 
m3’'cin caused little or no improvement in symptoms The use of narcotics in 
such patients to control cough, et cetera, tended to cover up the gastrointestinal 
63mptoms, malong it difficult to evaluate the effectiveness of streptom3’'cin 
In general, streptom3’’cm therapy resulted in rapid disappearance or diminution 
of anore\ia, nausea, emesis, abdominal discomfort, and diairhea Often patients 
became as3mptomatic with good appetite and one formed bowel movement 
dail3'’ They were able to eat almost all foods instead of being restricted to a 
special bland diet as before Many vere able to eat all the common foods except 
raw fruits after completion of therap3’’ 

Prior to therapsq the abdomen, and particularly the cecal legion, vas tender 
on palpation After therapy, this sign improved and in some of the patients 
seemed to disappear Deep palpation and heavy pressure over the cecum caused 
no pam in some of the patients exammed over a period of months after therap3’’ 
The degree of improvement noted on roentgenographic axamination seems 
shght in companson with the improvement m S3mptoms Although spasm us- 
ually disappeared, deformity m the cecal region lemamed even in the presence 
of no symptoms and apparently normal bowel function It ma3’’ be assumed that 
superficial ulceration healed and remamed healed, as borne out 63’’ the clearing 
of the rectal ulcers The persistence of deformity suggests deep scarrmg, but 
proof of this is still lackmg 

Onl3’’ 2 of the 6 patients v ho died came to autops3'' The bov el findings of ex- 
tensive ulceration, worse m the termmal ileum, cecum, and ascendmg colon, 
appeared identical mth those not treated vath streptomycin These 2 patients 
had been extiemely ill vhen admitted to the sanatorium and therapy had lery 
shght effect In one patient diarrhea continued unchecked to the time of death 
In the other patient, s3mptoms improved vhile on therapy but legressed rapidly 
after discontinuance, death folloved in one month 
No opportunity has presented itself to study the autopsy findings in a patient 
who had good results from streptomycm therapy of a proved tuberculous ulcer- 
ative colitis It vould be of considerable interest to note the anatomical results 
In most cases symptoms of both bovel and pulmonary’’ disease improved to- 
gether In a considerable number of cases, howeimr, the improvement of hovel 
symptoms and objective findings was much greater than the impro\ ement to be 
noted in the chest roentgenogram It was relatively easy to obtain bovel im- 
provement -with streptomycm, but unusual among these patients to see corre- 
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spondingly marked objective improvement m the pulmonaiy picture It seems to 
be much more difficult to influence pulmonary than bowel tuberculosis I^ffiether 
this difficulty IS caused by the relative accessibihty of the bowel lesions to the 
drug by way of the blood stream, or simply reflects the more massive mi oh e- 
ment in the lungs, is not evident 

Some of the patients m this senes were admitted to the sanatorium with evi- 
dence of severe bowel tuberculosis and advanced pulmonary' lesions permitting 
of no collapse therapy In such patients, as would be anticipated, streptomycin 
therapy is mamly for symptomatic rehef and should be started at once How- 
ever, in patients whose general condition is better and who may become candi- 
dates for collapse therapy, the timing of streptomycin therapy becomes a matter 
of importance From the present evpenence it would appear advisable to pro- 
ceed with surgical collapse where mdicated, usmg streptomycm to control the 
bowel symptoms, in the expectation that a good result will be achiev^ed if sputum 
“conversion to negative” follows the surgerj’ In patients being prepared for 
pulmonai^’’ resection it is important to use streptomycin at the proper time 
To dissipate its usefulness in treating imnor bowel S 3 Tnptoms long before sur- 
gery would be unwise 

It IS remarkable that reinfection of the boa el mucosa appears to be uncommon 
after the end of therapy In most patients, improvement has been mamtaincd 
over a number of months in spite of sputum positive for tubercle bacilli which 
would be expected to cause new ulcerations in the boa el It is not clear whether 
this failure to reinfect the bowel is due to a diminution in the number of bacilli 
traversing the bowel after tlieiapy or to some quahtativc change in the bacilli 
Arc resistant strains less likely to cause mucosal lesions, or docs the general 
improv^ement in the patient’s resistance after therapy prevent reinfection? It 
IS evident that the answers to these questions must await a more complete 
understanding of the mechanism of action of streptomj cm 

SUMMARY AND CONCLUSIONS 

Studies of 30 patients with tuberculous enterocolitis treated wnth streptomy- 
cin arc repoi ted All had associated pulmonaiy tuberculosis Diagnostic criteria, 
roentgcnographic findings, proctoscopic findings, and end rcailts arc detailed 
Of 12 cases with a “lenficd” diagnosis, 9 showed marked improicmont after 
treatment with streptomycin Of all 30 cases, 19 showed improvement Clinical 
improvement was usually rapid, often dramatic, and frequently maint uned 
oven when a relapse of the piilraomiy disease occurred In 9 eases, rectal ulcers 
diMppcvred m S immediately' after treatment Change in the status of the 
roont genographic findings during treatment did not gencralK occur 

suMVRio y coNcn sioNP'' 

Eftrcp'omicitiOtcrapm dc la Enhrocohl,'^ Tuhv~c ih^a 

E'-tos cstudios tomprenden 30 enfenno*' con enterocolitw tubcrculo'^ v ln*auo= 
con estreptomicina En todos liabh tul'crculo-i^ pulmonar }'vp5ncn“’ I «pim 
de dngiiostico, los halhrgo'= procto'cupico*; raUiogrlfico'- y !a« rc-ultadn? 
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minales De 12 casos con diagndstico “comprobado,” 9 revelaron decidida 
mejorla despu4s del tratamiento con estreptomicina Del total de 30 casos, 19 
mejoraron La mejoria cllnica fu6 por lo general rdpida, a menudo dramdtica, 
y mantenida frecuentemente a pesar de la recalda de la afeccidn pulmonar De 
9 casos, en 8 las lilceras rectales desaparecieron nunediatamente despufe del 
tratamiento En general, no se alteraron los hallazgos roentgenogrdficos durante 
el tratamiento 
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RASMUSSEN’S ANEURYSMS AND FATAL HEMORRHAGE IN 
PULMONARY TUBERCULOSIS* = 

VIRGIL A PLESSINGER ahd PAUL N JOLLY 
(Received for publication May 6, 1949) 

INTHODtJCrriON 

One of the most dramatic complications of pulmonar}' disease is massive 
hemorrhage This has been associated, in the minds of most physicians, with 
pulmonary tuberculosis, and the various aspects of this s5mdrome have interested 
manj’- since the early \mtmgs of Laemiec (1) in 1827 It remained for Fearn (2), 
hoM ever, in 1841 to describe for the first time in some detail the source of a hemor- 
rhage m a patient dying of cavitary pulmonary tuberculosis He recorded his 
observations of a ruptured aneurysm vuthin a tuberculous cavity in a patient 
who died of multiple recurrent pulmonarj' hemorrhages The greatest contnbu- 
tion to the consideration of the aneurysmal source of these hemorrhages may be 
found in the careful and detailed anatomical studies of Rasmussen (3) of Copen- 
hagen in 11 cases published in 1868 and 1869 He descnbed in each of these 11 
cases a pulmonary vessel passing through the wall of a tuberculous pulmonary 
cavity with an aneurysmic dilatation of this vessel into the cavity 

More recently attention has been directed to this subject in papers by Bogen 
(4), who states that hemorrhage in pulmonaiy tuberculosis is almost always from 
a pulmonary artery, and by Auerbach (5), who descnbes a senes of 45 such pul- 
monary artenal aneurysms in tuberculous patients dying of pulmonary hemor- 
rhage A vanety of other hypotheses have been developed to account for pulmo- 
nary hemorrhage in tuberculous patients Among these are deficiency of the 
coagulability of the blood (6), increased penneabihty of the vessel walls (7), 
and erosion of pulmonary vessels by enlarged tracheobronchial lymph nodes 
(8 and 9) This last condition accounts for relatively few cases of hemorrhage m 
pulmonaiy tuberculosis, and the exact status of the other conditions has not been 
clarified satisfactonly Athough most large hemorrhages resulting from rupture 
of a puhnomc artenal aneurysm occur in cases of pulmonary tuberculosis vnth 
cavitation, some occur m patients with pnmaiy or metastatic lung neoplasms, 
bronchiectasis, lung abscess, or other acute or chrome lung inflammations (10) 

MATERIAn 

From 667 autopsies performed at Dunham Hospital of Hamilton County 
dunng the ten-year penod 1938-1947, 56 cases were selected in which the patient 
had either died following a massive pulmonary hemorrhage, or in which an un- 

‘ From the Percy Shields Laboratory, Dunham Hospital of Hamilton Countj , Cincin- 
nati 5, Ohio 

’ Presented in part at the 1948 session of the Mississippi Valle> Conference on Tuber- 
culosis 
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ruptured Rasmussen’s aneurysm was discovered at autopsj'^ Forty-mne of these 
56 patients died follovnng a massive pulmonaiy hemorrhage and are the basis for 
the climcal obsen^ations in this study. These 49 cases, with an additional 7 cases 
in which hemorrhage did not occur but an unruptured aneurj’-sm of a pulmomc 
arteiy was discovered as an incidental finding at autopsy, compnse the 56 cases 
studied for the gross pathological data Of the 49 patients who died following a 
massive pulmonary hemorrhage, a Rasmussen’s aneurysm was demonstrated in 
only 29 It is beheved, however, that the source of hemorrhage m all of these 
49 cases was from such an aneurysm, for Rasmussen stated that he was able to 
find the source of bleeding in every case after his attention was once directed to 
the occurrence of these aneurysms The wnters’ eypenence lends some support 
to this opinion that the more diligent the search, the higher the rate of discover3’- 
Since 1943, when interest m tins problem was stimulated at Dunham Hospital, 
21 of these aneurysms were found in 26 patients who died as the result of massive 
pulmonary hemorrhage, while pnor to this date only 8 such aneurysms were 
found m 23 hemorrhage cases Also only 2 unruptured Rasmussen’s aneurj^sras 
wmre found m cases as an incidental finding pnor to 1943, whereas 5 have been 
disclosed since that time 

To a certain extent, the method of preserving and dissecting the lungs as lou- 
tinely done in this hospital may account for failure to demonstrate the source 
of some of these hemorrhages Whenever possible, the lungs and trachea are 
removed intact from the thorax The lungs are then inflated with air so that a 
post-mortem roentgenogram of the lungs alone can be made The lungs are then 
distended with 10 per cent formalin until the solution begins to ooze from the 
pleural surfaces As woll be further demonstrated in the pathological discussion, 
some of these aneurj'-sms are thm-walled and empt3'- It is piobable that the 
marked increase in the lnt^aca^^tary pressure during these procedures maj"- so 
collapse the aneur^’-gmal sac that it cannot be readily recognized 

INCIDENCE AND ETIOLOGICAL FACTORS 

Fortj’^-nme (7 2 per cent) of the 667 patients upon w’hom autopsj' was per- 
formed in a ten-j^ear penod died as the result of pulmonary’- hemorrhage The 
incidence by sex and color is shmvn m table 1 

The average age at death for patients dying as the result of hemorrhage is 
compared with the average age at death for the entire autopsy senes in this same 
period of time in table 2 The ranges of ages of those v ho died as a result of hemor- 
rhage are as follows wlute males 34 to 68 years, Negro males, 22 to 69 years, 
nhite females, 19 to 54 years, Negro females, 15 to 45 years The greatest num- 
ber of hemorrhages which v ere fatal occurred between the ages of 30 and 59 
No deaths as a lesult of pulmonary hemorrhage occurred under the age of 21 
m males, while in females 4 of the 14 died at 20 3^ears of age or under In Negro 
males, there was a ten-3-ear difference betw^een the mean age of the general 
autopsy population and that of the patients who died as a result of pulmonary 
hemorrhage, the latter patients d3ang on the average at an older age In the 
othei categories, there w'as no essential diffeience betw^een the two groups 
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DiinUwn oj dfsca-^t To pain ''Onic idea of the rcla(i\e duration of tlic disease 
in patients with nviv-ue pulraonaij hemorrhage, the a\ciagc duiation of sjmp- 
tonis in nioiitlib of the \ anous color and se\ groups w as compared w itli a coiiti ol 
senc> (oii'-istinp of 100 coiisccutuc fatal cases of pulmonai^ tubcrculobis which 
w IS broken down into similar (ategoncs TliercsuUsof this comparison aieshown 
in table 3 'llie a\eragc duration of disease for wliilc females was actuall} 71 7 

TABLE 1 


Color and Sex Incidence of Fatal Hemorrhage 
1938-1047 



rATAt ncVOKtltACK 

! ALL ACTOrSlM 

1 

Ttn exST 

Wntc Male 

21 


8 

Xci,ro male 

13 


6 G 

tMuto female 

8 


8 

Negro female 

7 

117 

6 

Tot'll ■ 

1 

10 

CC7 

7 2 


TABLE 2 


lifrapc Age At Death 



rATALTlCltOKLnACt 

ALL AQTOrSlES 

\t3ulo male 

19 80 

48 90 

Xegro male 

42 03 

30 40 

ttbitc female 

33 10 

35 40 

Negro female 

2G 8G 

28 00 


TABLE 3 

Aicragc Duration of Symptoms in Months 



nosossiuct smes 

CONTCOL SFUIES 

W hitc male 

30 25 

21 30 

Negro male 

13 93 

14 48 

White female j 

52 50 

38 30 

Negro female 1 

15 30 

10 20 


months In this senes, however, was one patient who had had clinically active 
tuberculosis foi twenty-five consecutive years before her death Since this case 
w eights the a\ erage unduly, the average of the remaining cases, 52 5 months, is 
thought to be more representative of the entire group In the w'hite race, the dura- 
tion of disease is about eight to tw'elve months longer in the group that develops 
an aneurysm and dies as the result of hemorrhage than in the average case that 
dies of pulmonary tuberculosis In Negro males, there is apparently no signifi- 
cant difference in the duration of disease in patients dying of tubeiculosis. 
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whether the comphcation of aneurj’-sm does or does not anse dunng the course of 
the illness The small number of cases m the senes of Negro females, 7, piecludes 
any vahd statistical conclusions There is considerable difference in the duration 
of the disease when the white patients are compared with the Negro patients 
The duration is tii o to three times longer in the w hite persons, both m the hemor- 
rhage senes and in the average of the autopsy senes This pattern follows the 
general trend of the difference of the disease in the tv o racial groups Similar 
trends are obtained when the average penod of hospitahzation of the patients 
studied here is considered 

TABLE 4 



Table 4 presents a graph of the incidence of death m the hemorrhage senes as 
compared with the duration of chmcal disease m ten-month penods In 16 of the 
49 cases symptoms considered to be of pulmonarj’^ tuberculous ongm had been 
present for mne months or less, vhile 33, or more than two-thirds of the patients 
had had similar symptoms for more than ten months Tv enty-siv of this latter 
group had had the onset of their pulmonary tuberculosis at least twenty months 
before death 

Further evidence of chromcity is found in the fact that in about one-half the 
cases in this senes bilateral and predominant!}' fibrocaseous tuberculosis was 
demonstrable in the admission roentgenograms In 4 of these cases silicosis was 
also present In 10 cases the disease was bilateral and predominantly exudative 
at the time of admission, and in 14 it v as umlateral and exudative The presence 
of cavity was detected m eveiy case except 2, and in these, although it vas not 
detected chnically or roentgenologically, it v as found at autopsy 
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Role of syphilis Since the presence of aneurysms fiequentlj" brings up the 
question of sj’^phihs, this factor nas investigated by compaiing the incidence 
of positive seiologic tests for s3'-phihs (Hinton and Kahn) m the hemorrhage series 
with the incidence of positive reactions in all patients coming to autopsj’- during 
three consecutive jmais In the senes of patients djnng as a result of massu e pul- 
monarj'^ hemoiihage and in those in whom an aneuij’^sm vas discovered as an 
incidental finding at autopsy, the serologic tests for ss’-philis veie positive in 21 8 
per cent In those vith a positive reaction, an aneui3"sm vas found in 7 and vas 
not found in 5 In the unselected gioup from the general autops3'- senes, the sei o- 
logic tests for syphilis veie positu e in 37 of the 175 cases, or in 21 1-i pei cent 
This figure is practicall3’- the same as that found for the incidence in the gioup 
studied here 


TABLE 5 

Hemorrhage prior to Fatal Hemorrhage 


None 

20 

One 

7 

Multiple 

16 

1 to 8 jeais pieviousb 

11 

4 to 12 months previouslj 

7 

Less than 4 months pieviousb 

0 


DEVTH FOLLOWING HEMORRIUGE 

Of the 49 p itients vho died as the result of massu e pulmonai3" hemonhage, 
26, or moie than one-half, had no such hemonhage pnoi to the one nliich teim- 
inated in death (table 5) Seven patients had one prei lous hemonhage, virile 16 
experienced multiple hemonhages pnoi to the fatal one Of the lattei 23 ca'-cs, 
bleeding fiom the lungs had occuned betveen one and eight veais pnoi to ilcath 
111 11 betveen four and tvelve months in an additional 7, while m 5, Ip'js th in 
four months elapsed between the time of the fiist hcmonliage and the tune of 
death 

Of the 49 patients who died as the result of pulmonan hcmonhige 30 died 
immediatel3 following this hemonhage This lattci gioup intludes one case in 
which the patient suri u ed in a state of shock for i penod of eight houis follow- 
ing an isolated hemonhage Of this group of 36 c iso'll 26 had no pie\ lous hemoi- 
ihage, and death appeiied to be due to cithci blood loss oi sudoc ition In 3 of 
these 26, theie was no exteinal e\ idence of henionh igc at the time of death but 
evidence of m issu e bleeding w as found it ncaops\ R ismu^eii (3) eommented 
on the occiinence of such an otcvilt fat il hcmonhige Other‘s, writing on this 
subject, h u e failed to mention eithci the possibilita oi the finding of sui li c 'mcb 
of occult f ital pulmonan hcnioirhages In 10 of the 36 c ncs there hid been 
picMous hemonhage oaci a penod a an mg fiom thiee dus to three months 
befoic the na issue hemorihige which w is immediateh fit il Death in tiicsc 10 
cases also appealed to be due pnmanh to blood los-s oi to '^ufToeition but in v 
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fcR , spieadmg disease as a lesult of the pievious liemoiihages im} ha^ e been a 
factor In 5 cases innhich a masswe blood loss m the last fewhoius of life did not 
occui theie lAeie lepeated hemoiihages ovei a period of se^elal dnjs to one 
yeai befoie death The mode of death m these cases appeared to be due in pait 
to spiead of tubeiculosis and in part to blood loss In S cases, death followed a 
single hemoiihage aftei an intenml of fovu to foui teen days In these, death n as 
apparently due to spread of an acute tuberculous pneumonia as the result of the 
hemoirhage This acute pneumonia ma 3 possibh' hare been on an alleigic 
basis as described by Austrian and Wilhs (11) rrlro obsera ed the der elopment of 
“cottony” shadorrs, roentgenologicallj', and foci of acute tuberculous pneumonia, 
pathologicallj', in the lungs of sensitized labbits that leceir’^ed intiatiacheal in- 
jections of a mixture of blood and tubercle bacilli Although in the majority ot 
cases blood loss and obstruction to the trachea and bronchi appeared to be chief 
factors m the cause of death, in about 25 per cent the der elopment of an acute tu- 
berculous pneumonia inaj’’ have been the immediate cause of death Some idea 
of the unexpectedness of death can be gained from noting that, of the 49 patients 
rrlro died as a result of massive hemorrhage, 28, oi orei one-half, rreie consid- 
ered rrell-nouiished at the time of death a state of nutrition unusual m the 
arerage patient drang of pulmonaij tuberculosis 

P VTHOLOGr 

A general sui-r ey of the lung sections m all 56 cases, including fatalities as a 
result of hemorrhage as v ell as cases in rr Inch an uniuptuied aneuij'sm r\ as found, 
emphasizes the fact that these aneui.vsms and the resultant massive hemoiihages 
tend to occur in the more cliionic forms of tuberculosis Lesions of a fibio- 
caseous type rreie described in viituallj’^ ereiv piotocol of the lung dissection 
The sections of the lungs rreie suirer^ed, rrith special attention being directed 
to those cases in rr Inch clinical srairptoms icfei able to tuber culosis had been pi es- 
ent for less than ten months In or eij’’ case in the entire senes, conspicuous foci of 
pulmonarj' fibrosis due to tubeiculosis rreie found Fiequentlr such hbioid or 
fibiocaseous foci rreie suiiounded br' laige zones of caseation oi monocjtic 
tuberculous pneumonia In those cases in rrhich the anerursra rr is found, such 
fibiosis rras seen m microscopic sections rdjacent to the ntcir of oiigiir of the 
ancuij'sm in eveir instance but one Micioscopicallr , this one aneuirsm did not 
appeal diffcient than the otheis in the senes except foi the absence of fibiosis 
due to tuber culosis around tlior essel at the point of ongin of the sac Er en in this 
case, horrerei, rrith a clinical duration of onlr foui months, numeioris fibro- 
caseous foci rrere found scatteicd throughout the extensirc masses of caseous 
and monocj tic tuberculous pneumonia (figures 1 and 2'' 


Fir 1 (Loft) Sagittal section of right lung V Rasmussen’s ancurrsm is scon on the 
posterior ispect of the cantr in the Inse of the lor\er lohe Bronchiectasis uul the coarse 
lacr pattern of diffuse emphrsema ire ippircnt 

Fig 2 (Right) Fnlirged rieir of ancurrsm shown in figure 1 Note the taiigciiti il course 
of the r essel of origin to the w ill of the cnitr The thickness of the filirotic wall of the 
caritr is cspeciallr appircnt in the hisil portion 



Fig 2 


F\Tal 
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Othei changes obseived Iustologicall5>^ eie mteipieted as mdicatn e of chiomc 
pulmonai disease Bionchiectasis, most seveie m the apical poitions of the lungs, 
^^as fiequently seen These same zones A\eie also the site of the more maiked 
fibrosis In addition to dilatation of the bionchi and eiosion of the bionchial 
caitilagenous plates, focal squamous metaplasia of the bionchial epithelium uas 
encounteied uath modeiate fieqiiencj Compensatoij' emphjsema fieqiieiitlj 
seen u as usuallj'^ moi e mai ked in the fibi otic pai ts of the lungs m association u ith 
the bionchiectasis, uliile uitliin the fibious foci atelectatic aheoh lined uitli 
cuboidal cells ueie common 

Cavita" foimation u as found in ei eij case m this senes at autopsy The car iti 
containing the aneuiysm Aaiied m size fiom a minimum of 5 mm to a ma\i- 
mum of 7 cm in diametei Theie uas no coiielation between the size of the 
camt3'’ and the incidence of anemj^sm foimation 

Rasmussen (3) found aiieuivsms occuiied with appio\imateh equal fiequenci 
on each side Aueibach (5) found that aneuij'sms occuiied moie fiequenth’’ in 
the left lung (26 cases) than m the right lung (19 cases) In this senes, single 
aneuij’’sms weie found fouiteen times m each lung, while m 6 cases the site of 
the aneuijsm was not lecoided. In the othei 2 cases aneui3sms weie found bi- 
lateially , in each, the aneuiysm on the light w as umuptuied w hile the one on the 
left was uiptuicd 

In 21 cases wheie the site of the aneui3sm within the cavit3' was clcail3 de- 
scnbed, about one-half weie found on the medial wall, while the othcis weie 
located w ith about equal froquenc3’’ on the otliei w alls except that none w as found 
on the latei al w all of a cai it3’’ 

Inira-arlcrial nijcclion of i adto-opagiic maicnal Using Hill’s ladio-opaque 
bismuth suspension (12), aitenal injections of 9 sets of lungs weie done using the 
technique desciibed b3' Wood and IMillei (13) In two instances the bionchial 
aiteiies weie injected An ancunsm was found in one case and not m the othei 
Ko lefeience was made to the piesencc oi absence of the conti ist medium in a 
cax it3q lumen, in a cai it3 w all oi m the ancun smal sac iia the case in w huh the 
aneui3'sm was discoacied In the othei case the paosectoi stated that the in- 
jection medium w as absent w itliin the cavities and that it w as not seen m aiij of 
the xessels in the caMtx walls The pulmonan aitenes of inothei case wcie 
injected with the contiast medium Gtoss dissection icicalcd the ptcscnce of an 
aneunsm but no contiast medium was seen giossh m the lumen of the caaita 
01 the sac, m spite of the fact that the lumen of the i cssel of oiigni w as one mm 
111 diamctei In 6 othei cases post -moi tern aitenal injections of x c=:scls supplxing 
the lungs weie done but the piotocolsfail to niention which x c^-sels wciomjcited 
In 3 of these cases an aneuixsni xxas found, xxhile m the othei 3 an aneuixsm 
was not identified Slides of these lungs indicate that post-moilem injection of 
the pulnaonai3 ai tones had been done m 4 of these ca'^es In one, injection ni i- 
tenal was found m the lumen of both the aneuixsmal sac and the cax itx niicio- 
“^copicallx Rex lew of the slides m the othei 2 cases, in which an iiicuixsm w is 
not found, suggest that both the pulmonaix and the bronchial aitenes were in- 
jected with contiast medium 
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Onqin in puhnonaii/ atlny TIic pulmonai^’- aitciv wnt. identified on gioss dis- 
section as the souioc of the aneuijsm in 7 of the 3G cases in whicli Rasmussen’s 
aneuivsms -ncic found In 2 additional cases the lelalnelylaigediametei of the 
Acssel of oiigin (4 mm and 3 mm ) m the mid-poition of the lung nheie the 
ancinysins neie found point to iinohementof the pulmonniy lathei than of the 
bionehial ai tones Aiteual injection studies indicate that in one case the pul- 
monan aiten nas definifelv the site of tlie aneuiysm ind m anothei case that 
it piobablv was Thus, m 10 of the 3G cases m winch an aneui 3 'sm was found, 
the pulmomiv iitcn was dehnilch identified as the site of the aneui^'sm, and 
m anothei case the evidence pointed stiongly to a siniihi souice Tlie bioncliial 
arten was not demonstinted as a soiiu e of fatal hemoiiliige in any case in this 
sei ICS 


III biologic Studies 

Histologic studies of 34 meun'snis, 3 of which weie e\amined in seiial sections, 
levealed a pictuie which was fniily umfoim and which waned onl 3 '- in details 

Cavit 3 '' fonnation was alwa 3 's piesent and tlieie was alwa 3 's some evidence of 
clnomcit 3 '' Pencaveinous hbiosis was always piesent, but the degiee and extent 
waned consideiably In most cases the fibiosis ini olved all oi the wall as xepre- 
sented in the micioscopic sections and usually mcasuied a milhmetei oi raoie m 
thickness Deep in this zone and lining the ca\ ity w as a layei of caseous neciosis 
wnth 01 w ithout an inten eiiing zone of gianulation tissue In se\ ei al cavities small 
patches of squamous epithelium weie occasionalh^ encounteied 

In most of the cases in which the paient vessel could be follow'ed, the course of 
tins vessel was almost tangential to the wall of the cavit 3 '’ As the vessel ap- 
pioached the wall of the cavity it passed thiough a zone of diseased pulmonary 
tissue and usuall}" staited to dilate slightly Concomitantl 3 ’', a vanable degiee 
of endothelial thickening usually occuiied so that the lumen of the vessel was 
slightb'- constneted (figuie 3) Similai obliteiative endothelial changes w^eie ob- 
served in the othei laige vessels m the vicinity of the cavity wall In those othei 
vessels which did not give rise to aneui 3 '’sms and which actuall 3 '' encroached on 
the vomica, how'evei, the obhteiation of the lumen was complete Seiial sections 
revealed that the vessel w^all piopei dilated eccentncally, the dilatation taking 
place only on the side tow'ards the lumen of the cavity FinalR’- a point of lupture 
of the media wxis encountered At this point the w^alls of the media retracted 
quickly or w^ere i efiected back on themselves at an acute angle (figui e 4) Thi ough 
this defect the thickened endothelium piotiuded and foimed the lining of the 
sac (figuie 5) Fibiinoid changes, emphasized by Aueibach (5), were usualty seen 
in the rup tilled aneurysms and w^eie frequently seen in the umuptuied ones 
This change usually staited in the thickened endothelium at a point w^here the 
vessel w^all w^as intact and it increased in thickness as it slowdy spiead over the 
lining of the vessel, usually foiming a conspicuous pai t of the w^all of the aneurysm 
neai the neck of the sac (figuie 6) Suiroundmg the endothelial layei, wuth or 
without the associated fibiinoid changes, was a relatively thick wall near the 
junction oi the aneuiysmal sac with the vessel This wall usually contained a 




Fig 3 (Top) Microscopic “section of iiiciin“sm “-lioixn in lif,ur(s 1 mil 2 nicdn of 
•artcrj , B, lliickcncd Inver of cniiothchiiTn, C, cmeovis necro'ii'i lining, cnvitv mill covering 
nncurvsm, D, fibnnonl ilcgcncrition, 1 , fibrin clot 

Tic -1 (Bottom) Microscopic section slioiMiig reflection of nipturcd medin media 
of arferv , B, lumen of nncunsm, C, fibrinoid dcgoncrntion, D, fibnn clot 
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conspicuous amount of collagenous tissue Occasionalh a pait of the A\all of thc- 
aneuij’'sm at this point Yas composed of gianulation tissue in yIucIi \\eie nu- 
merous, dilated, thin-M ailed blood lessels In se^elal instances this gianuhtion 
tissue zone composed the bulk of the ^\aIi of the aneunsra, extending fiom the 
zone of fibiinoid degeneration outlaid The combination of these tw o processes, 
fibrinoid degeneiation and foimation of granulation tissue thus lemoved all 
trace of the pieceding endothelial change The most supeificial la^er of the 
aneurj'^sm Mas usualty a thin zone of caseous neciotic tissue 


B 



Fig 7 Ruptuicd ineurvsm >,o(c (lie sm ill iniount of fibrin picscnl in (bo incurifain 
sac A., lumen of incur\sm, B, lumen of caiiti , C, walls of inounsm, D, fibrin clot, I 
point of rupture 

Within the sac, 1 immated lai eis of hbiin weie usu ilh seen 1 he^c iieie umi ilh 
scanty neii the neck of the sic and moie nunieious uid dciisci in tlic upper 
portion This mass of fibiin was aliiais seen in the iiimiptuicd iiioiinMns ind 
it i\ IS usuallj picsenl in the luptured onct. In set eial piticnts da mg of m I'-'-n e 
temiinal hemoiihage, honciei, this mass of fibim i\ is ib^ent (figiiie 7) 

DISCCSSlOX 

It has been icpcitedh emphasized in the pist tint the deaelopment of 
Risnuissen’s ancuiisnis ind the lesultint masnae liemoiihigos Und to oiuii 
in the moic chionic fonns of caiitan pulmoiiaia tubeKulo-n (3, J, '), 11, ind 
15) Support foi this concept is seen in the fait tint tlie-e pitients in gciuril 
tended to lia\c t longci chuation of then rhscise than the iterige pitierit ulio 
died of tubeiculosis, md the disc ise n is picdomuiintla tibioi I'-comin idnm'-ion 
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roentgenograms Tiurty-lbreo of the 49 %\ho died of hcmorihagc had clinical 
sjmrptoras referable to pulmonarj tuberculosis for ten months or more before 
the fatal hemorrhage All of these 33 cases ucro diagnosed ns having fibrocaseous 
puhnonarj tuberculosis at autopsj' Of the 16 patients who had clinical sjrmptoms 
of pulmonarj tuberculosis for nine months or less, and uho subsequently died 
ns a result of a massn e pulmonary hcmorihagc, all but 2 had fibroid oi fibro- 
enseous disease histologically In these 2, unth duration of sjunpioms of five 
and be\cn months, the disease was chiefly exudative wnth only small foci ex- 
hibiting earlj signs of organization. Further pathological evidence of chronicity 
was seen m the foci of squamous epithehum lining some cavities, the peiicaver- 
nous atelectasis and cuboidal metaplasia of the alveolar linings, saccular or 
cj’hndncal bronchiectasis, and the focal or extensive obliterative pleural fibrosis 
In addition to evidence of chronicity in the series of aneurysms, another note- 
w orth} pathological feature is the fact that in all cases where the course of the 
\csscl into the ancurj'sm could be traced, tins course was tangential to the wall 
of the cavity The artery therefore approaches the cavity through a relatively 
thick zone of fibrotic scar tissue which may interfere wnth the circulation in the 
\asa \asorum domed from the bronchial artenes (16) which are the nutritional 
vessels for the pulmonary arteries In addition, intunal proliferation increases 
the thickness of the wall and adds to the problem of the supply of nutrition to 
the wall Thus, when a portion of the wall is finally involved locally by a tuber- 
culous process, the defease mechanism is inadequate, the wall is weakened, and 
focal dilatation occurs, wath the formation of an aneurysm In addition to the 
focal involvement of the wall of the vessel because of its tangential approach to 
the cavity, the loss of noimal support m this same area aids in the formation of 
the aneurysm 

The fibrous encapsulation of the vessel of ongin, in addition to aiding m the 
formation of the ancurj’'sm, may also play a part m permitting massive hemor- 
rhage to occur A vessel encased in such rigid fibrotic tissue is less able to contract 
sufficiently to diminish effectively or to stop the bleeding 

One factor exists, however, which may temporarily or permanently stop the 
bleeding This is the fibrin clot (3 and 5) w’hich is formed in the sac as the aneu- 
rysm develops Such a fibrin clot is seen in every unruptured aneurysm and 
absent in many of the ruptured aneurj’-sms The 23 cases in this series which 
had one or more fatal hemorrhages prior to the fatal one support Ras- 
mussen’s theory that this fibrin clot may occasionally plug the rent in the 
aneurysmal sac and thus stop the hemorrhage for a variable period If the fibrin 
clot 18 completely extruded, however, a valuable defense against fatal hemor- 
rhage IS lost Even if this valuable defense is lost, other factors may control the 
bleeding reduction of pressure and rate of flow m the pulmonary circuit, the 
tamponade effect of blood accumulating, and occasionally the clotting of the 
blood in the cavity and communicatmg bronchi 

Such clot formation in the bronchi has been dramatically demonstrated by 
Wilson (17) in a case with massive pulmonary hemorrhage Spontaneous cessa- 
tion of the hemorrhage was followed m three days by signs and roentgenographic 
evidence of massive atelectasis of the right lung. Four days later the patient 
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couglied up two large bronchial blood casts, after which the atelectasis cleared 
and the lungs letumed to their previous status After eight more months of bed 
rest, the patient’s tuberculosis was considered arrested Jackson and Diamond 
(10) have reported a similar occurrence m hemorrhage of nontuberculous origin 

Rasmussen noted the occurrence of occult hemorrhage as a cause of death 
Likeunse, in 3 cases m this senes the patients who had had no previous hemor- 
rhage u ere found dead in bed unex'pectedlj’" On external examination there was 
no obvious ex-planation for death At necropsj’- large quantities of blood v ere 
found in the lungs and bronchi At least four diffeient factors ma}”^ have been 
instrumental in producmg death m such a fashion (a) suffocation from sudden 
aspiration of blood and obstruction of the bronchi, (b) debihtation of sufficient 
degree that the effective clearing of the bronchi by coughmg could not take place, 
(c) reflex laryngeal spasm from foreign material (blood) in the bronchi and 
trachea, and (d) cerebral anoxemia Sudden massive pulmonar}’^ hemorrhage may 
result in reduction in the pressure of the lesser circuit, just as shock develops 
from hemorrhage from the S3'stemic circulation This drop in pressure v ould lead 
to a reduced return of blood to the left side of the heart vith resulting forvi ard 
cardiac failure and inadequate blood flow to the brain One or more of these 
factors maj"^ ti ell play a part in the mechanism of death m any of the 36 cases in 
this senes in which death occurred immediatelj’’ after a massive pulmonarj' 
hemorrhage 

SUMMABT 

1 A senes of 56 cases is presented, m 49 of which death occurred as a result 
of massive pulmonarj'^ hemorrhage These cases represent 7 2 per cent of 667 
autopsies performed dunng a ten-j^ear penod The source of this hemorrhage 
was identified as a Rasmussen’s aneurj'sm in 29 cases and a similar source of 
hemorrhage is postulated from the remainder In 7 other cases an unruptured 
Rasmussen’s aneurysm was discovered as an incidental finding at autops}' 

2 Aneurj'sms and fatal pulmonaiy hemorrhage tend to occur more frequent^v 
m cases xnth a more chronic ty-pe of tuberculosis, both clinically and patho- 
logically Age, sex, race, and the presence of syphilis have no apparent signifi- 
cance in the development of these aneurysms 

3 A branch of the pulmonary’’ artery could be identified as the site for the 
formation of the aneurysms in 11 cases About one-half of the aneurysms \xhich 
were located occurred on the medial wall of the cavity 

4 Penx’^ascular fibrosis is discussed as a factor in the pathogenesis of Ras- 
mussen’s aneurysms and as a handicap to the control of bleeding from such an 
aneurysm 

5 Some of the factors contnbuting to death as a result of pulmonary hemor- 
rhage are discussed 

STTMARIO 

Aneunsmas de Rasmussen y Hemorragia Letal en la Tuberculosis Pulmonar 

1 En 49 de los 56 casos de la sene presentada, la muerte sobrevino a consc- 
cuencia de hemorragia pulmonar masiva Esos casos representan 7 2 por ciento 
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de 667 autopsias ejecutadas durante un decemo La causa de la hemorragia fu4 
identificada como aneunsma de Rasmussen en 29 cases y presdmese que fu4 
semejante en los demds En otros 7 cases, se descubnd fortuitamente en la 
autopsia un aneunsma de Rasmussen intacto 

2 Los aneunsmas y la hemorragia pulmonares letales suelen ocurnr mds 
frecuentemente en los casos con la forma mds crdmca, tanto climca como pato- 
Idgicamente, de la tuberculosis La edad, sexo, raza y presencia de sifilis no 
guardan aparentemente relacidn con la formacidn de esos aneunsmas 

3 En 11 casos pudo identificarse una rama de la artena pulmonar como asiento 
para la formacidn del aneunsma Aproximadamente la mitad de los aneunsmas 
localizados quedaban en la porcidn media de la pared de la caverna 

5 La fibrosis perivascular es discutida como factor en la patogema de los 
aneunsmas de Rasmussen y como obstdculo al tratar de cohibir la hemorragia 
procedente de unos de esos aneunsmas 

6 Repdsanse algunos de los factores que contnbuyen a la muerte debida a 
una neumorragia 
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TUBERCULOSIS OF THE TRACHEA AND MAJOR BRONCHT-’-’ ‘ 


OSCAR ADERBACri 
(Rccen cd for pubhwifjon Maj’ 4, 1049) 

IKTRODncnON 

In 1937 at a symposium upon inflammatoty diseases of the bronchi, in which 
the ^^Tlte^ (1) as one of the participants, great stress was laid upon the high 
frequency of clinically demonstrable tuberculosis of the trachea and major 
bronchi This appeared to be at variance with our autopsj’’ experience 

In an effort to evaluate the pathologic anatom^' of the disease it was decided 
to study the trachea and major bronchi in 1,000 consecutive autopsies on tuber- 
culous patients Where gross lesions were present, sections were taken for micro- 
scopic study In the absence of gross lesions, routme sections were taken from the 
postenor wall of the trachea and major bronchi 

COMPOSITION OF SERIES 

Incidence In 421 cases (42 1 per cent) there was eiudence of tracheobronchial 
tuberculosis, 222 of these showed gross ulceration, 187 showed onlj' microscopic 
emdence of tuberculosis, while in 12 it was secondary' to a rupture of a regonal 
lymph node into the tracheobronchial tree 

Age The age distnbution (table 1) parallels very closelj’’ that m the general 
autops}’- senes This is readily explained by the fact that the greatest number of 
cases m the general senes died of chrome pulmonarj>' tuberculosis, of which 
tracheobronchial tuberculosis in most instances is a complication 

Sex There were 266 (63 2 per cent) men m this group and 155 (36 8 per cent) 
women This compares with 71 5 per cent men and 28 5 per cent women m the 
general autops}’" senes Thus it would appear that tracheobronchial tuberculosis 
tends to develop a little more frequently in female than in male patients wath 
tuberculosis 

Color White mdixuduals were affected 234 tunes (55 7 per cent), Negroes 183 
times (43 4 per cent), and Asiatics four times (0 9 per cent) The general autopsj' 
senes shows 61 3 per cent whites, 37 6 per cent Negroes, and 1 1 per cent Asiatics 
The greater incidence in Negroes maj"- be attnbuted to a difference of the pulmo- 

iRrom the Laboratoiy Service, Halloran Veterans Administration Hospital, Staten 
Island, New York 

* Presented before the Medical Section, as part of the symposium on Streptomyem and 
Exirapulmonary Tuhercuhsts, at the 45th annual meefmg of the National Tuberculosis 
Association, Detroit, Michigan, May 4, 1949 

* Sponsored by the Veterans Administration and published with approial of the Chief 
Medical Director The statements and conclusions published by the author are a result of 
his own study and do not necessarily reflect the opimon or policy of the Veterans Admm- 
istration 

« This matenal was gathered while the author was at Sea View Hospital, Staten Island, 
New York 
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nary disease, which is frequently a more acute process among that race Here 
there is a greater likelihood of spread to the intestine and tracheobronchial tree 

Associated 'pulmonary tuberculosis Chronic pulmonary tuberculosis was present 
in 405 instances in this series In 4 casesthe lungs showed an acute miliaiy tuber- 
culosis without any evidence of ca-vities m the lungs The mihai^’- foci in the 
tracheobronchial tree and those in the lungs in these 4 cases were part of a general- 
ized miliary tuberculosis from an e\trapulmonary focus In 12 cases there v as no 
evidence of tuberculosis in the lungs before the rupture of a caseous lymph node 
into the tracheobronchial tree 

Duration of chronic pulmonary tuberculosis The duration of illness (table 2) 
was calculated on the length of time during which the patient’s sputum vas 
positive for acid-fast bacilli In the 405 cases of chrome pulmonary tuberculosis, 
159 (39.2 per cent) had a duration of from one to twelve months, 70 (17 3 per 
cent) from thirteen to eighteen months and 48 (11 9 per cent) from nineteen to 


TABLE 1 
Age 


Ago in years 

1 to 10 

11 to 20 

21 to 30 

31 to 40 

41 to 50 

I 51 to 60 

60 and oicr 

Cases 

4 

51 

1 

111 

117 

65 

47 

16 


TABLE 2 

Duration of Chronic Pulmonary Tuberculosis 


Months 

1 Up to 12 

13 to 18 

19 to 24 

25 to 30 

31 to 36 

37 to 42 I 

1 43+ 

Cases 

159 

70 

48 

22 

22 

3 

81 


twenty-four months In 128 (31 G per cent) cases the pulmonarj’^ disease vas 
present for two years or more 

Assoaated “tract tuberculosis'’^ In 218 (51 8 per cent) cases m tins senes there 
vas a concomitant involvement of the larynx, mtestinal tract, and the tracheo- 
bronchial tree In 127 (30 1 per cent) instances the tracheobronchial tree and the 
intestines were affected In 011I3' 03 (14 9 per cent) of the cases in this senes vas 
the involvement limited to the trachea and major bronchi In 13 (3 2 per cent) of 
the cases the "tract tuberculosis” vas limited to the larjnix and the tracheo- 
bronchial tree 

It 18 of interest that tracheobronchial tuberculosis is part of a tendenej tovard 
the development of "tract tuberculosis” in the great majontj of cases (85 per 
cent) In the large majonty of cases m this senes the tuberculous process in the 
\arious tracts vas a rapidlj progressing one and vas associated vnth an ad- 
vancing chronic pulmonary tuberculosis 

PATHOLOGIC nN DINGS 

Distribution The tj pc and distribution of lesions (table 3) re\ cals an interc-'l- 
ing contrast vhen the gross and microscopic findings are compared A sun c\ of 

* In the interests of cimplicitj , the term “tmet tubcreulo-^ia ’ is iired in this piper to 
designate mi oh ement of the larjngcal and gastrointestinal tracts 
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the t \scs of giobs ultei ition shows only 2b cases in which the iilceis weie found 
limited to eithei of themajoi bionchi Thetiachea alone, oi in combination w ith 
eithei oi both m ijoi bionchi, cont lined iilceis m the lemaming 196 cases In those 
c ises wheie the tiacheil ulceiation was piesent in issociation with bionchial 
ulceiation, the iiUeib in the tiachea m some instances weie eithei of the same 
inatomic age is those in the bionchus oi even oldei In these cases the ulceis w eie 
usualh sep lilted In intact mucous membi ane Moie often, how'eiei, the ulceis 
weie 11101 e numeious iiid oldei in the bionchus thin in the tiachea and the 
tnchcil ulceiation was limited to the coi jn il legion Veiy often wheie the ulcei- 
ation w IS piesent m the thiee segments theie was evtensn e im olvement of one 
majoi bionchus, while the tubciculous ulceis weic limited to the mfeiioi poition 
of the tiachei and supeiioi pait ol the opposite majoi bionchus In the lattei 
instances the piogiessn e decicase in intensity of the piocess spoke foi an e\ten- 
bioii fiom the gieath ini oh ed bionchus to the tiachea and then on to the oppo- 
site majoi bionchus This appealed to lie the case in almost all of the 149 instances 
wheie the tiachea and majoi Inonchi weie involved by the ulceiative piocess 

Ihe piesence of extensile ulceiation m the tiachea and majoi bionchi was 
in\aiiablj associated with an extensne ind piogicssive pulmonaiy tubeiculosis 
in which theie was also an extensne tubeiculous involvement of the intestinal 
tiact and of the launx 

Relationship of site of cavities to ti acheobi oiiUnal ulceiation In each of the 222 
cases with giofesly evident ulceis, caaities weie piesent in the lungs It is note- 
woithj that in all cases wheie only one majoi bronchus was inyolved the cayities 
weie always piesent on the same side In those cases wheie bilateial cayitation 
was piesent, the gieatest bionchial im olvement was iisuallj' on the side of the 
oldei cavities 

The foci which weie hist discoveicd on micioscopic examination weie almost 
evenlj'^ distiibuted among the tiachea and majoi bionchi Howevei, the piesence 
of foci in two segments of the ti acheobi onchial tiee was noted in a much less 
piopoition than in the gioup with ulceiations 

Location Ihe classic ulcei may occui in any poition ot the wall but shows a 
piedilection foi development on its posteiioi siiiface, then the lateial poition, 
and least fiequently in the anteiioi aspects 

The ulceis may develop at any level in the ti acheobi onchial tiee but show^ a 
dehnite tendencj’’ to develop at the coiyna In many instances the tubeiculous 
piocess IS limited to the posteiioi w'all of the coiynal legion In occasional cases 
(thiee in this senes) the tubeiculous piocess was limited to the uppei pait ot the 
trachea in its entiie ciicumteience These w'eie cases in which theie ivas a dnect 
piogiession from an extensive laiyngeal tubeiculosis 

Gross appearance The size of the ulceis in this senes vaned fiom 1 0 mm to 
3 0 cm The gieat majonty of ulceis aie fiom 1 0 to 5 0 mm m size Then long 
axes aie paiallel to the cai tilagmous nngs and they aie lined by a yellow gianulai 
zone Veiy often the intervening mucous membi ane between the ulcers has a 
biowm gianulai appeal ance In this eaily stage the ulceis aie usually piesent m 
the mfenoi aspect of the tiachea oi the supenoi aspect of a majoi bionchus on 
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Ihc postenoi ^\aIl The piesence of leceni supeificnl vikeis of about the same 
anatomic age along the gieatei pait of the tiachea and mnjoi bionchi m some of 
the lapidlv fatal cases sppiks foi a simultaneous infection of the tiacheobionclnal 
tiee in these instances 

As the piocess continues, the ulceis intieasc in size and numbei The ulcere 
appeal in inei easing numbei and fiist extend along tlie posteiioi nail When the 
piocess begins in a majoi bionohus, the ulceis piogiess infeiioih and supeiioih 
In this lattei extension it tontmucs into the tiachea and on to the supeiioi poi- 



Fic 1 (Bronchial stenosis) (Left) Coronal section of the lungs of a 35 i eir old nom in 
\\ho had chronic pulnionan tuberculosis for thiee a ears Theie is i stenosis of the left 
major bronchus The compressed lung is occupied almost exclusu eh b\ civities ind aieas 
of caseous lobulai pneumonia 

Fig 2 (Bronchial Stenosis) (Right) Coional section of the lungs of a 51-ieai old man 
uho had chronic pulmonaiv tuberculosis for three and one half a ears The lumen of the 
stenotic left major bronchus measuies 5 mm m diametei The corresponding compressed 
lung contains a laige caviti in the uppei lobe, i sht-like ca\it\ m the loner lobe 

tion of the opposite majoi bionchus Piogiession of the tubeiculous ulceis ougi- 
nating m the tiacheal u all u ill be mfeiioilj’’ ton aid a majoi bionchus mid supeii- 
oily towaid the lanmx IVith the enlaigement and mciease in numbei of tlie 
ulceis, fusion fiequentlj" occuis In the fai adxmnced cases oi% lemnants of intact 
mucous membiane he betueen the communicating ulceis 

In most instances the ulceis aie supeificial and cause no thickening of the wall 
of the tiacheobionclnal tiee Most of the eases of uleeiation m this senes aie 
associated with a lapidlj" piogiessmg chiomc pulmonaiy tubeiculosis md me of 
a lelativelj’- lecent ougin An occasional case shows evidence of chiomc ulceit- 
tion, manifested by the piesence of single oi multiple, thick-walled ulceis usinllv 
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located on the posteiioi and lateial wall The lumen of the tiacheobionchial tree 
ovei these thickened ulcei s becomes somew hat nai i owed and somew hat distoi ted 
In laie instances the caitilage may he paitially exposed at the base of the iilcei 
Occasionally, the ulceiative piocess and the healing changes within the wall 
may be so extensive that they cause a maiked naiiowung of the lumen In these 
cases the wall of the bionchus is thickened fiom 5 0 mm to 1 0 cm and the 
noimal aichitectuie is completely distorted bj’ film, giey, fibrous tissue The 



Fig Sa (Bronchnl Stenosis) (Left) Coronal section of a 26 j ear-old voman who ha 
chronic pulnionari tubeiculosis for two j ears The lumen of the stenotic right major bron 
chus measures one mm in diameter C iseous particles he in the lumen of the bronchus 
The circumference of the trachea is greath narrowed as a result of healing of an extensive 
tuberculous piocess within it The compressed light lung contains encapsulated caseous 
calcified foci chieflj in the lower lobe There are no caMties in eithei lung 

Fig 3b (Right) Pliotomiciograph of the caseous mass and the wall of the bronchus 
(figure 3a) The caseous nidus lies free in the lumen The inner w all of the invoh ed bronchus 
IS composed of granulation tissue and the outer aspect bj hi alinized conneetn e tissue 

lumen is nanowed fiom 2 0 to 10 mm m diametei and the stenosed bronchus 
IS complctel}’' ulcei ated Laige, iriegular, caseous masses attached to the inner 
wall in one of the cases fuithei nanowed the lumen of the bionchus (figure 3a) 
Micioscopjc appeal ance The evolution and the de\ elopment of the tubeiculous 
piocess m the tiachea and bionchi aie similar to these processes m the lai 3 Tix 
and the gastiomtestinal tiact The fiist changes aie due to the piesence of small 
oxxal and i ound foti w ithm the w all The size and number of these foci vai les w ith 
the individual cases The numbei a anes fiom a single focus piesent in one of the 
thiee stiuctmes examined to many foci m all microscopic tissues examined !Most 
of the foci aie located m the immediate subepithehal poition of the wall and in 



010 


OSCin VUERUVCH 


tlic legion of llic mucous glands In tlic moie ad\anced piocess the foci aie also 
picsent in the ad\enti(ulpoi( ions Occasionalh thefociwithmthewallaicfound 
only in the ad\ entitia 

The foci in most instances aie small uid aie t\pical c])ithehoid giant cell 
tubeicles, with oi without a cential 7onc of caseation The laigei foci usualh 
Inn c a caseous centei In the gieit maJOllt^ of instances the foci show no tend- 
eiici towaids piogicssion but go on towaids anatomic healing 

The decelopment of the ulcei occuis in two wa\s fioni the enlaigement of i 
subcpithelial focus Fust, the focus as it enlaiges mac cause a piessuie atiopln 
of the o\ eih mg epithelium and when this is complete the focus mav then iiiptmc 
into the lumen ind an ulcei is thus foi mod lined be aninnei caseous wall Second 
a huge caseous focus dec elops in the subniucosa adjacent to the epithelium and in 
its piogiession one clops the mucosa in the ciseous piocess The caseous focus 
undeigoes liquefaction and aftei pouiing its contents into the lumen foiins an 
ulcei lined be ciseatioii 

Since the foci which dccelop into ulceis aie small, the lesultant ulceis aie 
small also V nuiow zone of tubciculous casculai gianuhtion tissue suiiouiids 
the innei zone of ciseation The caseous lining is leplaced be a pcogenic raem- 
biane foimed bj the fibiin evuded fiom the capillaiies of the c isculii gianula- 
tion tissue The zone of gianulation tissue is usualh naiiow and onlc ocCvi- 
sional foci aie piescnt beemnd it, thus accounting foi the lack of thickening and 
distoition obseic ed in the icgion of the wall of the ulceis 

In the latei stages the foci becond the zone of gianulation tissue iiiptuie into 
the lumen and the aiea of gianulation tissue foimmg the wall of the ulcei widens 
In a continuing piocess of piogiession and healing, much of the wall of thebioii- 
chus mac’’ be giaduilh destioced The mucous glands aie destioced and le- 
placed by the tubciculous foci which de%elop m these zones Similaih, the 
gianulation tissue fomiing the wall of the ulcei widens, sepaiates, and giaduilh 
leplaces the mucous glands 

The caitilage is affected only in the c eij’' extensn e piocess, in which instance 
it IS imolved by the encioachmg gianulation tissue As the ulcei enlaiges and 
boideis of the gianulation tissue zone widen, it eiodes the penchondmim iiiegu- 
laily and latei the caitilage Occasionalh, a lapidly piogiessing ulceiatne 
piocess containing a wide innei wall of caseation extends to and suiiounds the 
caitilage When this undeigoes liquefaction, a sequestium of a caitihge plate 
lies at the base of the ulcei 

In the cases of bionchial stenosis, the tubciculous piocess is i chionic one m 
which theie has been piogiession and lepan foi some time The wall of the 
bionchus is gieath thickened by gianulation tissue which sepaiates and leplaces 
most of the mucous glands and encncles and leplaces to a \aiiable degiee the 
caitilaginous plates This gianulation tissue extends into the suiiounding tissue 
foi vaiiable distances and contains man> small and laige foci, some of which 
contain a cential zone of caseation The stenotic bionchus contains an megulai 
ulcei winch in some legions is lined b-^ a pj’-ogemc membiane, in otheis be casei- 
tion which in aieas is megulai and piotiudes into the lumen, and in still otheis 
by gianulation tissue 
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Ilcalvw Anatomic healing may occur m any stage of development of tubercu- 
losis It has been our experience that "tract tuberculosis" v Inch is secondary to 
the onginal focus i\ ill in the vast majority of cases undergo healing if the source 
of tubercle bacilli is shut off With closure of cavities in the lungs, healing of 
ulcers of the intestines, larynx, and tracheobronchial tiee foliovs Cavity closure 
follows closure of the bronchi at the bronchocavitary junction In five instances 
m this senes foci in the stage of anatomic healing vere still present after the 
cavities had closed and the source of tubercle bacilli uas cut off The foci uere 
still present from three to seven months after the closure of cavities and the 
disappearance of tubercle bacilli from the sputum 

In the majority of cases the tuberculous process in the trachea and bronchi is 
limited to small foci v ithin the v all When these undergo healing, they result in 
small areas of fibrosis and there is no distortion of the wall Healing of ulcers 
occurs V hen the zone of vascular granulation tissue replaces the inner zone of 
caseation and the pjogeme membrane With the increase of collagen fibrils, the 
cells and capillaries within the granulation tissue disappear and a zone of connec- 
tive tissue replaces them Regeneration of epithelium from all sides beyond the 
defect complete^'' covers the ulcer The regenerated epithelium now covers a zone 
of connective tissue m vhich an occasional capillary and epithelioid cell are 
present With the final disappearance of the specific cells and capillaries the re- 
sultant connective tissue does not differ from that m noninvolved areas At this 
stage it is impossible to identify this as the site of a healed ulcer This will account 
for the discrepancy beti\een bronchoscopy and autopsy findings when there is 
some interval between the last bronchoscopy and death This occurs m the more 
chronic cases where healing of such ulcers occurs and not m the more rapidly 
progressing cases where the pathologist sees more extensive ulceration than the 
bronchoscopist 

Occasionally healing was noted m cases after much of the w all had been de- 
stroy ed by deep ulceration and the presence of numerous foci In these cases there 
IS destruction of much of the cartilage, mucous glands, muscle, and elastic fibers 
Healing results in the extensive fibrous replacement of the ulcer w alls and the foci 
Occasional remnants of normal structure he w'lthin the scar tissue Re-epithelial- 
ization of the healed ulcer is usually complete and the mucous membrane may 
have a smooth homogeneous surface, if the destruction was evenly distributed 
over one area, or a more corrugated appearance if there were irregular ulcers wuth 
intervening intact zones In either event the circumference of the w'all is greatly 
decreased m this region and the lumen may be narrowed to one-third of its origi- 
nal size (figure 3a) 


DISCUSSION 

There are three possible routes of infection of the trachea and major bronchi 
These are (1) hematogenous, (^) extension from the neighboring structures, and 
(S) intracanihcular infection 

Hematogenous infection The presence of miliary tubercles m the wall without 
ulceration in 187 cases raises the question of whether these may not have occurred 
by way of the blood stream For this assumption to be valid, the foci m the 
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tracheobronchial tree would have to be part of a general hematogenous dissemi- 
nation and similar foci would have to be present in other organs A terminal 
miliary dissemination in the form of miliary tubercles in the viscera w as obsen’’ed 
m 72 of the 187 cases The absence of hematogenous foci m other organs in the 
remaimng 115 cases throw's doubt on this as a usual route of infection Another 
strong argument against the hematogenous route is the rant}' with which miliarj' 
tubercles are found in the tracheobronchial tree in cases of acute generalized 
raihary tuberculosis In this senes there w ere only 4 cases in which the tubercles 
were part of an acute hematogenous dissemination We agree with Cohn and 
Wessler (2), who obsen'ed one such case clinically, that the tubercles so formed 
play httle or no role chmcally 

Extension from the neighboring structures In 12 cases a neighbonng tracheo- 
bronchial lymph node extended through the w'all and emptied its contents into 
the lumen of the tracheobronchial tree The tuberculous process in these instances 
was hmited to the region of the perforation and the opemng was sealed b}' the 
adherence of the l 3 mph node to the adventitia of the bronchus The mass of 
caseation from the perforated lymph node may protrude into the lumen of the 
air passage and cause a decrease m its diameter 

The perforation into the air passages occurred in persons who had a progressive 
caseous tuberculosis of the lymph nodes of the mediastinum In 4 instances the 
involvement of the lymph nodes w'as part of a primary complex and occurred in 
children The other 8 cases occurred m adults and were part of a lymphohema- 
togenous tuberculosis There was an extensive caseous tuberculosis of the lymph- 
atic system in the latter group 

Another possible mode of extension from the neighboring structures is a lymph- 
atic drainage into the wall of the bronchus from the neighbonng structures 
This view has been advocated by Reichle and Frost (3) who felt that this is a 
more frequent mode of infection than implantation Thej' behexe that the infec- 
tion IS earned from the lungs by way of lymphatics which are located in the 
adventitia The lymphatic vessels he near the mucous glands m the extracarti- 
laginous region Ornstein and Epstein (4) believed this to be the mode of infection 
in 8 chmeal cases desenbed by them Subsequent obsen'ers have given little 
support to this mode of infection 

It IS difficult to accept the views of Reichle and Frost (3) since tuberculosis of 
the air passages is rarely limited to the adventitia and then only in the form of an 
occasional tubercle limited to this zone In the remainmg cases the earliest 
changes are first observed m the submucosa just beneath the mucous membrane 
With the advancement of the tuberculous process in the wall, the changes extend 
outward toward the adventitia It is the writer’s impression that tuberculosis in 
the tracheobronchial tree, like that in the larynx and gastrointestinal tract, begins 
m the mucosa and submucosa and progresses outward 

Intracamlicular infection With the exception of the occasional case of hema- 
togenous dissemmation and those with isolated foci in the adventitia, where the 
possibility of a l 5 mphatic extension from a neighbonng process exists, the infec- 
tion of the air passages is the result of infected material passing over the mucous 
membrane 
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The pouring out of numerous virulent tubercle bacilli must be considered an 
important factor since tracheobronchial tuberculosis occurs most frequently in 
the more rapidly progressing cases of clironic pulmonary tuberculosis The more 
expensive ulceration is seen in the more acute cases of phthisis This tendency 
for severe “tract tuberculosis” is not limited to the tracheobronchial tree, since 
these advanced cases are i^ery often associated •mth extensive disease of the 
larynx and intestinal tract Salkin, Cadden, and Edson (5) similarly found that 
the cases ith tracheobronchitis shou ed a higher incidence of tuberculous lesions 
m the larjmx and intestines and that it is a manifestation of a more malignant 
tj'pe of tuberculosis and represents a severer t 3 ’pe 

The present observations, as u ell as most reports m the literature, show that 
tracheobronchial tuberculosis most often begins in the region of the corjma The 
tubercle bacilli are carried through the lumen of the tracheobronchial tree and 
implanted m the vail The coi^mal region corresponds to the ileocecal region of 
the intestinal tract as a site of predilection Although sections of the branch 
bronchi in these cases vill often show the presence of small foci m different parts 
of the walls, it is not the result of a continuous extension from the pulmonary 
caxuties To assume that the infection occurs by contiguity from the pulmonary 
infection, one would ex-pect to see a continuous ulcerative process from the cavity 
along the bronchial vail Continuous ulceration beginning at the bronchocavitary 
junction and ex-tending to the major bronchus is a very infrequent occurrence m 
our expenence hleissner (6) examined the branch bronchi in surgically removed 
lungs for chrome pulmonary tuberculosis and found an irregular distnbution of 
the tuberculous process in the various bronchi but no continuous ulceration The 
present studj-- shovs that tuberculous ulcerations of the branch bronchi (except 
at the bronchocavitary junction where it is present in almost every case) is a very 
infrequent finding 

Reichle and Frost (3) believe that the strongest argument against the intra- 
canihcular theory is the absence of bronchial tuberculosis a few centimeters from 
a large cavity even though large quantities of infected sputum must have passed 
o%'’er this mucosa dailj' for weeks or months Their argument also against com- 
panng this mode of pathogenesis with intestinal tuberculosis is that the latter 
has an absorbing surface whereas the bronchus has not It would, however, be 
difficult to explain a lymphatic extension to the larynx which has a similar inci- 
dence of tuberculous involvement and shows a similar mode of development and 
extension as that m the tracheobronchial tree 

Incidence A reviev of the literature shows a marked variation m the reported 
incidence of tracheobronchial tuberculosis at autopsy This vanes from 3 1 per 
cent (7) to 72 per cent (8) In a previous report from our institution, Wilber (9) 
reported an mcidence of 35 4 per cent Most of the pathologic studies in the past 
two decades report an incidence which, vanes from 30 to 50 per cent 

It IS beheved that the reason for the great variation in the incidence hes in two 
important factors (1) the type of case, and (S) the extent to which the tracheo- 
bronchial tree is studied In the present senes of 1,000 autopsies, all cases of 
tuberculosis vere included (whether or not they had active chrome pulmonary 
tuberculosis) Thus, there were 92 cases vnthout pulmonary tuberculosis and 30 
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other cases in which the chronic puhnonarj^ tuberculosis had undergone anatomic 
heahng, the patients hanng died of othei causes (amsdoidosis, caidiac failure, et 
cetera) As emphasized previous^, the piesence and the extent of tuberculosis 
in the tracheobionchial tree very frequently go hand m hand with rapidly pro- 
gressing chronic pulmonary tuberculosis 

As would be anticipated, the extent of studj' of the tracheobronchial tree will 
greatly influence the incidence of lesions The fact that 187 cases vere first dis- 
covered on microscopic examination would clearlj’- indicate that, if reliance were 
placed on gross examination alone, the incidence w ould onl}’^ be 22 2 per cent In 
the microscopic study, tuberculous foci lunited to the trachea or either major 
bronchus were found in 138 cases, of w'hich 34 showed the presence of only one or 
tw 0 foci It IS believed that, if more sections had been studied from different parts 
of the trachea and bronchi which on gross examination had appeared normal, 
more foci would have been found microscopically This is m disagreement with 
the views of Bugher, Littig, and Culp (10) who state that a section chosen at 
random wall accuratelj’’ describe the entire trachea wath the presence or absence 
of tubercles While this may hold true in a few cases, in the majonty of cases in 
the present senes it could not be venfied 

Sex Much emphasis has been laid upon the preponderance of women over men 
wath tracheobronchial tuberculosis The incidence has been leported as high as 
72 per cent (11), 75 per cent (12), and 85 per cent (13) It is interesting to note 
that this observation has been made chiefly in chmcal studies, although a notable 
exception to this is the autopsj’’ senes of Sweany and Behm (8) Our own findings 
show a slightly greater incidence of tracheobronchial tuberculosis m women than 
in the general autopsy senes, but certainty not that reported in the chmcal 
studies This is interesting in that Myerson (14), in his chmcal studies at the 
same institution in which this autopsy matenal was studied, states that women 
are affected three times more frequently than men It is believed that this dis- 
crepancy mas’’ be accounted for in two waj's (I) Proportionately more women 
attend the bronchoscopic dime than men, (B) man}'- more men than w omen first 
enter the hospital in a far advanced stage of chrome pulmonary tuberculosis and 
are too ill to be seen by the bronchoscopist The autopsy results as reported by 
Bugher, Littig, and Culp (10), Silverman (15), and Habershon (16) also show a 
marked preponderance of men over women 

Associated laryngeal tuberculosis Larjmgeal tuberculosis was present m 251 
cases (59 6 per cent) in this senes In a previous study on larjmgeal tuberculosis, 
the writer found an associated tracheobronchial tubeiculosis in 57 5 per cent In 
other autopsy reports (8 and 15), where similar comparisons w ere made, there is 
a similar frequent association 

WTuIe w'e agree with those authors (Bugher, Littig, and Culp (10) and Huang 
(17)), who claim that there is both pathologic and clinical evidence against the 
alleged development of a tubercuous tracheobronchitis secondary to laryngeal 
tuberculosis as suggested b> Lederer (IS), there are occasional cases (3 in this 
senes) m which larjmgeal tuberculosis may extend to the supeuor portion of the 
trachea A similar obsenmtion w as made by Samson (19) on bronchoscopic studj’- 
and bj- Silverman (15) in autopsj' cases 
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In nil othei cases %\ here both structures arc mvoivcd, the tuberculous processes 
dc^cloo independent Ij » Tracheobronchial tubeiculosis develops in the corynal 
region most often, nnd hirjngcal tuberculosis m the region of the vocal cords As 
both processes advance, the formci extends superiorly and the latter extends 
infenorlj, and in screio piocesscs thcic maj’’ be an extensive ulcerative process 
uhicli maj extend from the tip of the epiglottis donn into the major bronchi 
Associated tiifcshnal iiihcrculosis It is rathei interesting that in 81 9 per cent 
of the cases in this senes there nas an associated gastrointestinal tuberculosis 
This IS easily cxplainerl bj the fact that in the entire autopsy senes the incidence 
of intestinal tuberculosis is 70 per cent and in chronic pulmonary tuberculosis it 
IS even greater The incidence of latyngeal tuberculosis on the other hand is 37 5 
per cent (20) It is, therefore, no surprise to find a much greater association with 
intestinal than larjmgcal tuberculosis 

The u ritcr is m agreement u ith Samson, Barnwell, Littig, and Bugher (21) who 
state that this tract invohement is associated with a common factor, chronic 
pulmonarj tuberculosis 

Location The majonty of the bronchoscopic and anatomic reports are in agree- 
ment vith the present findings that most of the tuberculous ulcers are present in 
the posterior aspect of the tracheobronchial tree just above the coryna Minkov- 
sky (22), m a study of a large scries of tracheal tuberculosis, found the most severe 
involvement m the majority of his cases to be in the lower part of the trachea 
A notable exception is the study of Warren, Hammond, and Tuttle (23) who 
stated that the ulcers n ore not found especially along the posterior nail but rather 
about the orifices of the various bronchi 
It would appear from the present study that the frequency of tracheal ulcera- 
tion and its relationship to bronchial ulcers is at vanancewuth most reports, par- 
ticularly the bronchoscopic observations These authors (Acuna (24), Hawkins 
(25), Samson (19), and Wilson (11)) believe that ulceretion in the trachea is less 
frequent than in the major bronchi Some authors state that in most instances the 
tracheal lesion is an extension of the bronchial disease (Hawkins and Wilson) and 
that in almost every instance it is found on the same side and continuous wnth the 
bronchial ulceration (Wilson) 

This discrepancy is more apparent than real Since our cases m most instances 
represent a progressive process, it is no surprise to find exiiensive ulceration of the 
tracheobronchial tree The site of predilection for the ulceration is the corynal 
region Thus, in progression of a tubeiculous process of either major bronchus, 
the opportunity for ex-tension to the trachea is great 
The presence of 47 cases of tuberculous ulceration limited to the trachea, on 
the other hand, shows that isolated ulcerative tracheal tuberculosis is not a rare 
occurrence 

Bronchial stenosis Eloesser (26) gave this phase of bronchial tuberculosis much 
prominence when he stated that it was a stepchild of clinical medicine, that it 
was recogmzed too rarely, and that clinicians were not aware of how frequently 
it occurred Subsequent clinical studies have emphasized the frequency of this 
complication in tracheobronchial tuberculosis 
Narrow'ing of the lumen of the tracheobronchial tree by a tuberculous process 
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maj’- either be by the compression and extension of a tuberculous infection from 
without (extnnsic) or the development of a tuberculous process vithin the wall 
with subsequent narrowung of the lumen (mtnnsic) 

Extrinsic process In this senes there v ere 12 cases in which the lumen of the 
bronchus vas compressed by the neighbonng Ijunph nodes Later the caseous 
node ruptured into the lumen of the bronchus 
Intrinsic process Stenosis due to an intrinsic tuberculous process was en- 
countered in 3 cases m this series Pnor to this stud}’’ w e encountered 3 similar 
cases In all 6 cases there was a chronic ulcerative process with extensive destruc- 
tion of the wall 

One of the 6 patients died of asphyxiation as a result of the aspiration of caseous 
particles to the opposite lung foUomng bronchoscopy Pre\aous bronchoscopic 
treatments had given this patient relief when the narrowed lumen became obhter- 
ated by caseous particles and mucus These findings appear to fit in with the 
Auews expressed bj’^ Andrews (27) that the stenosis is probabl}’- constant m this 
type of case at least (figure 3a), and the mtermittency of S3’mptoms is due to 
recurrent blocking of the narrowed lumen with caseous debns or thick mucus 
Cases of asphj’xiation due to a stenosis of the type just descnbed have been re- 
ported by Schomvald (28), McConkey (29), and Cnmm and Strayer (30) 

It IS difiScult to explain the great discrepancy between the relatively great fre- 
quency of bronchial stenosis reported in chmcal studies and the infrequency of 
such cases in the present autopsy senes Tuttle, O’Bnen, Day, and Phillips (31) 
reported 92 such cases, of which 69 had an ulcerostenosis and 23 had a fibrous 
stenosis, and they state that the morbidity is great and fatahty is high m ulcero- 
stenosis One possible explanation for the discrepancy may be the presence of an 
extensive edema m the wall of a bronchus contaimng tuberculous ulcers which 
greatly narrows the lumen The edema disappears then with the patient’s death 
This view IS given support by the chmcal and pathologic studies of Salkin, Cad- 
den, and Edson (5) who state that one form of stenosis is an inflammatory swell- 
ing w’hich IS relative and is capable of being converted later to either a true 
stenosis or to an almost normal appearance 
In some of the cases of rupture of a caseous lymph node into the bronchus, the 
node first compressed and then eroded the bronchus The eroded bronchus in 
these mstances was lined by an irregular border of caseation extending in from 
the caseous lymph node (figure 4) It is possible that some of these cases might be 
interpreted bronchoscopically as mtnnsic bronchial stenosis 
Associated lung suppuration Eloesser (26) states that more often than not cases 
of bronchial stenosis are compheated by suppurations and infections distal to 
the stenosis Cohen and Higgins (32), m 19 patients with mtnnsic bronchial 
obstruction compheatmg pulmonary tuberculosis, demonstrated bronchiectasis in 
13, either by hpiodol installation or necropsy examination (4 cases) It should be 
emphasized that histological studies of the 4 necropsy cases showed tubercles m 
the walls of the bronchiectatic sacs and that there is no report of the isolation of 
pyogemc orgamsms Chamberlain and Gordon (33), m a chmcal study, empha- 
size that endobronchial tuberculosis is essentially a problem of mechamcal ob- 
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St nut ion with oh"! i lu 1 1 \ o ompluscnvi, htonclurctusis, and atclci tasis -ib ficiiuont 
complu ‘itions Othci ■mthorshuo iKo found that (he sequelae of lotaincd p^o- 
genu nrcinisrns hoxond the obvtuutiou ate hbtosis, bionchict tasis, and lung 
liiMUs-C" (31 uid ^‘>) It issignifuant that almost all of these icpoits ueclinual 
studies 

1 he lung on the diet led side in oui ( ises was gieifh dunuiished in sijte when 
tompiKHl with the opposite side None showed iin o\ idetue of socondan infec- 
tion aiui with It the seipiel le whuh follow an obs(iiution of the lumen of the 



Ik -1 (Hupturo of Knipli node into trieheoI)raneliHl tree) (Left) Coron il section of 
the limps m t IG vcirold Inn who ii id i eiseoiis tiiherculosis of the !i leheobronchnl 
l\ni|ih nodes is pirt of i !^nlplmheIn itogenous tulicrculosis llis lung fields were clear 
ind the sputum ntg One for lulicrch 1) icilli befoie the rupture of the nodes into the trncheo- 
bronchi d tree 0 the tor\n t Ihe lumen of the left m ijoi bronchus is compiesscd b\ the 
enlirgcd ciscnus tr icheobromln il hmpli nodes 

Fir 5 (llcerOion) (Right) Coron il section of the lungs of a 16 \eii old bo\ with 
chronic pulmon ir\ tuberculosis of si\ montlis’ duration Pulmonari ca\itation is limited 
to the right lung I Icti Oion is present m the trichea and major bronclii uid is most e\- 
toiisne in tlie right niijor bronchus 

bronchus so ficquenth obsened in cartmoma of the majoi bionclius It ib intei- 
esting tint the autopsi cases desuibed bj McConkej'' (29) and Ciimm and 
Stratei (30) also showed chingos similar to ouis Schonwald (28) m his case 
points out that the letaincd secretions contained tubeicle bacilli but no othei 
organisms 

In oui expenence, lung abscesses and/oi suppurative inflammation of the 
tracheobionchial tree in (he piesencc of chionic pnlmonaiy tiibeicnlosis is a laie 
occuiience, e\en iindci conditions wheie one would natuiall}' expect them to 
occiii In almost eceiy tubeiculous cavitj theie is a great naiiowmg of the 
bionchus at the bionchocavitaiy junction, still it is laie to find pyogenic oigan- 
isms in the aomica beyond the obstiaiction (36) hlixed infection tubeiculous 
caMties aic laie indeed and, ecen in cases of mixed infection empjema of the 
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pleiual caMty in nlnch bionchopleuial fistulae aie denionstiated, suppuiatne 
pioeesses do not dei elop Mithm the lung 
Pj^ogenic abscesses w ei e pi esent in the lungs in 2 cases in this sei les These eie 
instances of e\tensiAe tiacheobionchial tubeiculosis in iihich poitions of the 
caitilaginous rings aie paitiallv eioded and la's exposed Theie was no stenotic 
lesion pi esent in the tiacheobionchial tiee in these cases 
Isolated tiacheobionchial titbcicidosis In laie instances, at leist in mateiial ob- 
seived at autopsy in a tubeiculosis institution, the luideih ing tubeiculous cai iti 
may close and the tubeiculous piocess within the tiacheobionchial tiee mai 
piogiess The wiitei has obsened one such case which was not included in the 
pi esent senes In this indnidual the caMtv on the affected side had healed and 
the foci in this lung showed fai adaanced healing The souice of the tubeicle 
bacilli in the sputum was the gianiilomatoiis caseous ulcei in the nan owed 
bionchus Although we have obseiwed this phenomenon in onh one case, clinical 
obseications appeal to indicate that ulceiatne tiacheobionchial tubeiculosis is 
not tooinfiequent a souice of tubeicle bacilli in the sputum Alexandei, Soimnei, 
and Ehlei (37) state that, with thoiacoplastv in the piesence of tubeiculous 
tiacheobionchitis, complete contiol of paienchvmal lesions is not necessanh 
followed by anything like a conesponding impioi ement in the tiacheobionchial 
lesions Bainw ell, Littig, and Culp (38) state that one of the most stnking featuies 
of then 6 cases of ulceiatne tiacheobionchitis was the small extent of the 
pulmonaiy focus of tubeiculosis when the patient fiist came undei obseivatiou 
They came to the conclusion, suppoited by bionchoscopic and pathologic studies, 
that tiacheal and bionchial ulceis aie a souice of tubeicle bacilli in the sputum 
A similai view was expiessed b}'' Cohen and Wesslei (2) Oui case would lend 
some suppoit to the claims that bionchial stenosis with caseous pai tides in the 
lumen may be lesponsible foi tubeicle bacilli in the sputum 

It IS possible that ulcei atn e bionchitis ma-v be a souice of tubeicle bacilli when 
the piocess is that of an ulcei ogianuloma with laige caseous pai tides in the 
lumen oi that of a peifoiated liquefied caseous haiiph node poiiiing tubeicle 
bacilli into the lumen In the usual ulceiatne piocess aftei caviti closuie in the 
lungs, the caseous mnei lining, which is geneialh scnntv, is soon lephced by 
gianiilation tissue 

SUAIMXRl 

In a study of 1,000 coiisecutne autopsies on tubeiculous patients, 421 weie 
found to haie tiacheobionchial tubeiculosis, an incidence of 42 1 pei cent 

Tuberculosis of the tiadiea and majoi biondii was in the cast majoiitc of 
cases the lesult of an intiacanihculai infection fiom actnc and piogiessne 
chiomc pulmonan tubeiculosis It was pait of a teiidencc towaid “tiact tiibeicu- 
losis” and occuiied concomitanth with laivngeal and intestinal tubeiculosis in 
85 pel cent of cases A. few cases (12) lesulted fiom the luptuie of a caseous hmipli 
node into the tiacheobionchial tiee Only 4 cases weie associated with an acute 
hematogenous dissemination That isolated foci in the adccntitia weie found in 
onh an occasional case and that submucosal foci weie fai moie fieqiicnt than 
adcentitial foci suggest that extension to the tiadiea and bronchi thioiigh the 
hanphatics is a cen laie route of infection 
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Intnnsic bronchial stenosis was not found as frequently m this autopsy series 
as in clinical studies In 6 cases of bronchial stenosis the lung on the affected side 
m each instance iias contracted and in none was there any evidence of suppura- 
tion or bronchiectasis beyond the obstruction 
Pyogenic suppuration of the lung in chionic pulmonary tuberculosis is ev- 
tremely rare and in the 2 cases in thisserieswas associated with sloughingtracheo- 
bronchial cartilage and not with bronchial stenosis 

SUaiAKIO 

Tuberculosis de la Trdquea y los Bronqutos Mayorcs 

En un estudio de 1,000 autopsias consecutivas en tuberculoses, 421 revelaron 
tuberculosis traqueobronquial, o sea una mcidencia de 42 1 por ciento 
La tuberculosis de la trdquea y bronquios mayores fud, en la imnensa mayor la 
de los casos, resultado de una difusidn intracanalicular de una tuberculosis 
pulmonar erdmea, activa y evolutiva Formd parte de una tendencia a “tubercu- 
losis de las vlas”, comcidiendo con tuberculosis larfngea e intestinal en 85 por 
ciento de los casos Algunos (12) casos provimeron de la rotura de un gangho 
caseado en el drbol traqueobronquial Sdlo 4 casos se asociaron con diseminacidn 
hematdgena aguda El hecho de que sdlo se descubneran focos aislados en la 
adventicia en alguno que otro caso, y de que los focos submucosos fueran mas 
frecuentes que los adventiciales, indica que la propagacidn a la trdquea y bron- 
quios a travds de los hnfdticos constituye una via muy rara de infeccidn 
La estenosis bronquial mtrinseca no fud observada tan a menudo en esta sene 
autdpsica como en los estudios climeos En 6 casos de estenosis bronquial, el 
pulmdn del lado afectado estuvo siempre contraido, sin haber nunca signos de 
supuracidn o bronquiectasia mds alld de la obstruccidn 
La supuracidn pulmonar es sumamente rara en la tuberculosis pulmonar 
erdmea, y en los 2 casos de esta sene se asocid con esfacelo del cartilago tra- 
queobronquial y no con estenosis bronquial 
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PRESERVATION OF IvIYCOBACTERIA BY DESICCATION IN VACUOi 
M rROBISIIER, JR , G C KLEIN, a\d M M CUMMINGS 
(Rccci\cd for publication March 2S, 1919) 

INTRODUCTION’ 

Desiccation has long been known as a good bacteriostatic method for many 
saprophadic organisms Desiccation ?n lacuo has recently been shown to be an 
cfTcctn c, simple, and ino\pcnsi\ e means of presen mg manj’ species of fragile 
parasitic bacteria m a \ lable state o\ cr periods from a few months to 21 years 
(1) This report deals with the presen ation of organisms of the genus Mycdbac- 
icnxtvi for o\ er 17 years b\ desiccation in vacuo, using a method very similar to 
that referred to abo\e 

In 1933 Harris and Lange (2) pointed out \anous disadvantages of main- 
taining actnely \cgctatne bacterial cultures bj' monthly or bimonthly sub- 
culture, strains sometimes die out, contaminations occur, and the method is 
exponsn e, time-consuming, and troublesome An additional disadvantage is the 
fact that \ariatioiis in biological characters, including virulence, often occur 
This has introduced considerable confusion into experimental studies of tuber- 
culosis im ohnng such strains as H37 and Bl The ad\ antages of a simple method 
of presen ation winch maintains bacterial cells apparentl}’ unaltered, in a state 
of xnrtual suspended animation, wnthout subculture, manipulation, or change 
of environment, for many years are obxious 

During studies on the presen ation of acid-fast organisms in 1931, Hams and 
Lange prepared a half-pint miUc bottle as a presemng vessel for vacuum desic- 
cation of bacteria according to a method described by Brown (3) and stored 
within it a number of xnals containing xanous strains of Mycohactenwn The 
]ar was exacuated, closed w’lth a desiccating agent in it, and reopened after 
eleven months 

The organisms xx ere found xnable, as reported, m 1932 (2) 

The jar xxas again closed and stored in an obscure corner of a large refrigerator 
where it remained forgotten for about sexenteen jears In the meantime. Dr 
Lange died and Dr Hains left Baltimore and one of us (hlF) came into pos- 
session of the bottle w'hich had remained in the refrigerator In 1948 the bottle 
XI as transferred to Atlanta as part of a collection of desiccated cultures prepared 
and maintained for oxmr twentj-one years There it w'as opened and attempts 
xvere made to actix’ate the bacteria xx’liich had remained forgotten for so long, 
dried in vacuo 


FIRST ATTEMPT TO REACTrVATE THE CULTURES 

The bottle was opened on August 5, 1948 The small manometer which had 
been placed inside the bottle, folloxvmg the procedure of Brown, registered a 

* From Laboratorj Division, Communicable Disease Center, U S Public Health Service, 
Atlanta, Georgia 
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vacuum of 43 mm , mdicatmg virtually a perfect closure for seventeen years 
before the seal was broken The foUowmg strains were selected for the first 
attempt at reactivation Saranac H37 (human), Bl (bonne), B A I Pheasant 
(anan), and Butter R (saprophj'te) Theremainmg strains were resealed m tacuo 
in another container and stored at refrigerator temperature A heavy suspension 
of the desiccated mateiial was prepared by addmg about 0 2 ml of Tween-al- 
bumin medium (4) to the small nals and breaking up the hard kernels with a 
sterile wooden apphcator stick Smears prepared from the desiccated material 
revealed heanlj’- beaded aeid-fast rods 

The suspension was removed from the nals and added to approvunatel}’’ 5 
ml of Dubos hqmd (Tween-albumm) medium which ser\’-ed as the moculum 
Two tubes of Lowenstein-Jensen (5) medium, two tubes of Trudeau Committee 
(6) medium, and two tubes of Dubos Tween-albumm medium were each seeded 
with 0 3 to 0 4 ml of moculum The cultures were mcubated at 37°C Animal 
moculations were also made with the suspended desiccated matenal as described 
later on 

On September 9, 1948, 4 human, 2 boirme, 2 anan, and 2 saprophjiiic strains 
were suspended m Tween-albumm medium as previousl}’" described and the sus- 
pension was used to inoculate two Lowenstem slants and two tubes of Tween- 
albumm medium for each stram, foUowmg the same procedure as descnbed 
above 

On October 27, 1948, 3 more bonne strams, 4 avian strams, and 6 saprophjdes 
were suspended m Dubos medium, then moculated onto Lowenstem and Dubos 
media as before No animals were inoculated with suspensions of the desiccated 
matenal m the last two senes of cultures Thus, a total of 5 human, 6 bovme, 
7 anan, and 9 saproph}^^ strams were tested for viabihty by moculation on to 
sohd and hquid media 

RESULTS OBTAINED WITH DESICCATED MATERIAL 

All of the human strams grew well on sohd media and 4 grew m Tween-albu- 
mim medium Three of the bomne strams grew well on Lowenstem medium while 
the other 3 grew with contaminants onty m Dubos medium and were over- 
grown by contaminants on sohd media Pure cultures were obtamed from the 
contammated cultures and these were used for animal studies These data arc 
summarised m table 1 


VIRULENCE TESTS 

Desiccated matenal Dense suspensions m Tween-albumm medium were pre- 
pared on August 5 from the desiccated matenal of one wal each of the four 
major types Saranac H37 (human), Bl (boinne), B A I Pheasant (aman), and 
Butter R (saprophyte) Each stram was moculated subcutaneously mto the 
inguinal region of gumea pigs, two animals bemg used for each stram Bonne 
and anan strams vere also moculated mtravenously mto rabbits 
The desiccated bovme stram produced a few small lesions on the spleen of 
one of the gumea pigs, while the other gumea pig and the rabbit showed no 
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J Contaminated 

Pure cultures Onc-w cck-old culUircs of the eaprophytes grown on Lowenstem- 
Jcn‘=cn nicHlmm were 'uicpendcd in sterile Balinc to gi\c a final concentration of 
5 mg per ml Guinea pigs w ere inoculated subcutaneously in the inguinal region 
with 1 0 ml of each suspension 

The pathogenic strains were growm for two weeks on Lowenstem-Jensen 
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TABLE 2 


Autopsy Findings in Animals Inoculated with Suhciillures of Desiccated Acid-fast Bacteria 
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Butter R 

5 

G P 

K-42 


— 
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Timothj 6292 

5 

G P 

K-42 
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— 

— 
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Saranac 

5 

G P 

K-42 

— 

— 

— 

— 

— 

— 


Timothy 











“Lepra B” 

5 

j G P 

K-42 

■ — 

— 
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— 
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AM 

6 

G P 

K-42 








B moellen i 

5 
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K-42 
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— 
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— 
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B smegmatis 

5 
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— 

— 

— 

— 

— 
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— 

— 

— 

— 



— 

Red Timothy 

5 

G P 

K-42 

— 

— 

— 



— 



* Desiccated material direct 

t Figures in this column are dajs from inoculation K «= Killed, D =■ Died 
I Acid-fast rods seen (-1-) or not seen {— ) 

I Virulent {-{-) or aMrulent (— ) 

II Relative numbers of tubercles or extent of lesions are indicated bj plus signs + to 
d — I — i — f" 

** Superficial inguinal node onlj 
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medium, then suspended m sterile salme to give the following suspensions 
human 10“^ mg per ml , bovine, 10~* mg per ml , and avian, 1 mg per ml 
One ml of each suspension was inoculated subcutaneously into the mgumal 
region of a guinea pig One rabbit was moculated intravenously with 1 0 ml of 
each bovme suspension and one chicken was moculated mtravenouslj'’ vnth 1 0 
ml of each avian suspension 

All gumea pigs surviving forty-two days after inoculation were killed and 
autopsied while the rabbits and chickens were lolled after sixty days The Ijunph 
nodes, spleen, liver, and lungs of the gumea pigs and rabbits were exammed for 
macroscopic lesions Smears were prepared from the lesions, stamed by the 
Ziehl-Neelsen technique and exammed for acid-fast bacilh The mesenteric 
lymph nodes, spleen, liver, and kidneys of the chickens w’ere examined Smears 
were prepared and examined for acid-fast bacilli Virulence tests w ere not done 
on Princeton 32 (bovine). Park 643 (bovine), and Van Es H3701 (avian) be- 
cause the cultures were lost through contamination The results of the virulence 
tests are summarized m table 2 

As seen in the table, all of the strains on which tests were completed were 
found to be fully virulent except that Saranac H37 (liuman) appeared to be 
avirulent for gumea pigs, while Opie B 1 (bovme) w'as virulent for the guinea 
pig but exhibited low virulence in the rabbit The strains B A I Parrot and B A 
I Swine (avian) were avirulent for chickens 

No exact data are available as to the onginal virulence of these strains There 
IS reason to believe that some laboratory stock cultures of the H37 and B1 
strains used by mxestigators in 1931 were of low' virulence (7) Faiib' extensile 
lesions were produced by these strains in guinea pigs moculated m 1932 (2) 
Babbits were not inoculated at that time It is impossible to state whether or 
not changes in virulence of the other organisms m this series occurred, because 
no exact information is available as to the level of their virulence W'hen first 
desiccated 


SUMSIARY 

Twenty-seven strains of acid-fast bacilli were involved in this study Of these, 
18 were M tuberculosis (5 human, 6 bovme, and 7 a\nan), and 9 were various 
saprophytes (such as ilf smegmalis M leprae, "timothy” (M phlei)) These 
bacteria w'ere desiccated m a vacuum bottle in 1931, stored m a refngerator, and 
remained undisturbed for seventeen years until 1948 when the bottle was opened 
and attempts were made to reactivate the cultures 

On introduction into appropriate media, all strains grew' readilj Their mor- 
phology, staining properties, and x'lrulence appeared unchanged A few were 
lost because of overgrow'th by contaminants, but sufficient groi\i.h of acid-fast 
bacilli occurred to demonstrate the xuabihty of microorganisms One human 
(Saranac H37), one bovme (Opie B 1), and two aman (B A I Parrot and B A I 
Swine) strains of M tuberculosis were amrulent but all of the other strains of 
tubercle bacilh were full}' mrulent No data were a\ailable as to the state of 
virulence of the cultures when origmally desiccated, but it is thought that the 
human strain H37 maj have been of low virulence to begm wnth 
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COKCLtrSIOJfS 

Desiccation m vacuo is a simple, me\peiisn’'e, readily a\ailable method of 
presemng acid-fast bacilli for long peiiods of time The onlj' special equipment 
needed is a good vacuum pump, a one-pint Mason jar, a dehydrating agent 
(CaSOi), and plasticine or other plastic material ( 1 ) With this method, standard 
laboratoiy strains, includmg freshlj’- isolated strams and “i accine strains”, may 
be stored or shipped great distances inthout diSiculties or concern over space, 
dehj'^dration, oi breaking up of culture media 

SUJIARIO 

Comervacion de lac Mtcobactenas por la Desecacion al Vacw 

En este estudio figuraron 27 cepas de bacilos acidorresistentes IS del M 
tuberculosis (5 humanas, 6 bovinas y 7 amanas) 3 ^ 9 de varies saprofitos (tales 
como, M smegmatis, M leprae, M phlei) Esas bacterias fueron desecadas en 
un frasco al vaefo en 1931 y colocadas en un refrigerador, en el que pennane- 
cieron sm ser tocadas durante diecisiete anos, hasta 1948, fecha esta en que se 
abrid el frasco y se tratd de reactivar los cultivos 

Al ser mtroducidas en medios apropiados, todas las cepas proliferaron sm 
dificultad, sin cambio aparente en morfologia, propiedades de tincidn y vmi- 
lencia Algunas se perdieron por excesivo desarroUo de g4rmenes contaminantes, 
pero hubo suficientes colomas de bacilos acidorresistentes para demostrar la 
mabihdad de los nusmos De las cepas de iff tuberculosis, una humana (Saranac 
H37), una bovina (Opie Bl) y 2 a\nanas (B A I Papaga 3 m 3 ' B A I Cerdo), 
resultaron aMrulentas, pero todas las demas eran plenamente ’nrulentas No 
hay dates relatives al estado de virulencia de los cultivos al ser desecados pnmi- 
tivamente, pero parece que la cepa humana H37 puede haber posefdo poca 
nrulencia para dicha fecha 


CONCLUSIONTES 

La desecacidn al \ acio ofrece un mdtodo sencillo, economico 3 ' de fdcil empleo 
para la consenmcidn de bacilos acidorresistentes durante perfodos de tiempo 
prolongados La limca instalacidn especial necesaria consiste en una bomba 
neumdtica, un jarro de hfason de J litro, un deshidratador (CaSO<) 3 ’ plasticma 
u otra sustancia plastica Con este m^todo, sm dificultad i sm preocuparsc con 
respecto a espacio, deshidratacidn o desmtegracidn de los medios de cuHno, 
pueden conservmrse o remitirse a grandes distancias cepas cornentes de labora- 
tono, mcluso las reci^n aisladas 3 '" las destmadas a la produccidn do vacunas 
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TOXICITY OF SPUTUM D'GESTAWTS TO TUBERCLE BACILLI IN 

WATER AND SPUTUM^ 

GEORGE A SPENDLOVE, SIARTIN M CUMMINGS, AND ROBERT A PATNODE 
(Received for publication January 28, 1949) 

IKTEODXJCTION 

Isolation of M iubeiculosis from contaminated pathological matenal can best 
be accomplished if proper methods of digestion and decontamination are used 
Cultivation of M tuberculosis on artificial media is slow and difiicult, and re- 
quires special methods to prevent the multiplication of contaminating organisms 
commonly found in specimens from which tubercle bacilli must be isolated 
It IS essential that the methods emplo 3 ’’ed to reduce contamination do not 
retard growdh of tubercle bacilli Despite the many improvements wluch 
have been suggested in cultural tecliniques, it is not alwaj^s possible to imtiate 
growth m cultures from microscopically positive specimens 

Preparation of specimens foi smear, culture, or ammal inoculation bj'' digestion 
and concentration necessitates exposure of the material to various more or less 
toxic substances The purpose of such treatment is to dissolve tenacious mucus 
and cellular debris and to kill secondaty organisms Theoretically an ideal di- 
gestant should be toxic to all organisms except the tubercle bacilh Tins study 
was undertalven to help evaluate the relative toxicities of the most commonly 
used digestive agents 

The w ork is divided into tw o parts (I ) preliminary laboratoi^' tests on aqueous 
suspensions of tubercle bacilli, (2) tests on homogemzed sputum under practical 
diagnostic conditions 


METHODS 

Aqueous Suspensions 

A 3-weeks-old culture of H37Rv was hanested, weighed, and ground ten 
minutes in a stenle mortar with enough sterile distilled water to prepare a sus- 
pension containing 1 mg of the bacilli per ml Dilutions were prepared from this 
suspension containing 10~^ and 10“^ mg of bacilli per ml Each dilution was 
divided into 1 ml amounts and mixed with equal volumes of the digcstant 4 
per cent sodium hydroxide, 3 per cent hj'drochlonc acid, 5 per cent sulfuric acid, 
2 5 per cent ammonium carbonate, and 10 per cent tnsodmm phosphate (an- 
hj drous) 

Exposure of the tubercle bacilli to the vanous digestants was brought about 
by combining the digestant in question, in the concentrations routinely omploj cd 
wnth an equal i olume of the bacilli in water, incubating for the desired intenml 
at 37°C , mixing mth a predetermined quantity of neutralizing agent (all such 
mixtures were adjusted to 10 ml volume) and then seeding in amounts of 0 1 

Trom the Tuberculosis Evaluation Laboralorj, Communicable Disease Center, Public 
Health Service, Atlanta, Georgia 
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ml on OAcli of 10 lubes of Jensen’s modificilion of Lowenstem’s medium The 
total M eight of bacilli thus transferred Mas 10"® or 10"® mg per tube of medium, 
according to the dilution used This same piocedure m ns repeated m testing each 
different period of exposuic, each digcstant, and each dilution of bacilli In gen- 
eral the exposures m ere 10 minutes, 24 hours, 48 hours, and 72 houi-s 
Inoculations Mere made from the mixtures onto Jensen’s modification of 
LoMcnstem’s medium (1) after exposing the bacilli for measured penods of time 
to the digcstants Controls Mere prepared by adjusting the reaction of the di- 
gestants to pH 7 0 before combining Mith the pioper m eight of culture In a 

TABLE 1 

Total Colony Counts on 10 Tithes of Medium Inoculated uith Aqueous Suspensions of Tubercle 
Bac Ih Exposed to Various Digcstants 


5 rrE ervT | 
NaiPOi 

2 rrE CFVT 
NaOII 

1 

1 25 PER CEVT 
AM CARD j 

2 S rrs cent 
HjSOi 

25 PEE CENT 
ANTIEEU 

1 

1 5 PEECENt 

HCl 

Count 

Per cent 
Sun 

Count 

Per cent 
Sun 

1 Count 

1 

Per 
cent 
Sun ; 

Count 

Per 

cent 

Sun^ 

Count 

Per cent 
Surv 

! 

Count 

Per 

cent 

Surv 


10"’ mg Bacilh Per Tube 


Control* 

5S2 

100 0 

50G 

100 0 

163 

100 

478 

100 0 

157 

100 0 

100 

100 

40 Minutes 

307 

62 0 

235 

4G 0 

9S 

CO 

200 

41 8 

11 

7 2 

6 

6 

21 Hours 

2S6 

49 2 

40 

S 0 

0 

0 

0 

0 

0 

0 

0 

0 

4S Hours 

275 

47 3 

27 

5 4 

0 

0 

0 

0 

0 

0 

0 

0 

72 Hours 

2G2 

44 9 

15 

3 0 

0 

0 

0 

0 

0 

0 

0 

0 


10"' mg Bacilli per Tube 


Control* 

173 

100 

0 

68 

100 

1 

0 

48 

100 

93 

H 

11^9 

100 

83 

100 

40 Minutes 

9G 

5G 

0 

GO 

88 

0 

40 

87 

27 

HI 

■El 

0 

0 

0 

24 Hours 

94 

53 

G 

6 

8 

8 

0 

0 

0 

■El 

0 

0 

0 

0 

48 Hours 

91 

53 

0 

5 

7 

3 

0 

0 

0 

0 

0 

0 

0 

0 

72 Hours 

71 

42 

4 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 


* Medium inoculated immediately after imxing bacillary suspension and neutralized 
digestant (pH 7) 


measure these served as controls because thej’’ gave an approximation of the 
number of bacilh present Muthout the prolonged action of the digestants 

A carr 3 ’’-over of the neutralized salts of the digestants and neutralizing agent 
in the inoculum to the culture Mas lecogmzed but, since the same salts Mure also 
inoculated onto the control tubes, this factor Mas not considered important 
The cultures Mere examined after two M'eeks of incubation and once weeldy 
thereafter until five Muelvs of age The total number of colomes present at five 
M eeks on each set of 10 tubes mus counted and recorded for compansons Re- 
peated expenments, inoculating 10"® and 10~® mg of bacilh per tube of medium 
as described, gave essentially the same results each time For the sake of brevity 
the results of only one expenment are given (table 1) 


































KEStJLTS 


Aqueous Suspeumons 

From the results m table 1, it is evident that all of the digestants markedly 
1 educed the number of nable bacilli within the shortest penod likely to produce 
adequate decontamination This table indicates that trisodium phosphate and 
sodium h 3 ’'dro\ide are less toxic than the other agents tested It is difficult to 
interpiet the sigmficance of the differences obtained mth ammonium carbonate, 
sulfunc acid, antiformm, and hj'drochlonc acid It is recognized that colom 
counts are somewhat vanable but repeated tests gave similar results The con- 
centrations given are those actually in contact wuth the tubercle bacilli It may 
be noted that the action of tnsodium phosphate differs from that of the other 
reagents Though approximately 50 per cent of the tubercle bacillus population 
was killed dunng 40 minutes, few microorganisms were destro 5 ''ed during the 
remainder of the 72-hour penod 

Sputtan Suspensions 

Because of the possible protectne effect of sputum (2) on tubercle bacilli, 
experiments m the absence of this matenal might portraj’- an inaccurate picture 
of the relative toxicities of vanous digestants under practical conditions 

With this in mmd 10 microscopicallj'- “positive” specimens of sputum were 
pooled and homogemzed by shabng two hours in a paint-conditionmg machine 
(3) Tlus resulted in a completelj’’ uniform, slightly inscous fluid In this expen- 
ment the following digestants were used sodium hydroxide, tnsodium phos- 
phate, oxalic acid, sulfunc acid, ammomum carbonate, and hj’-drochlonc acid 
Each digestant w as then mnxed in 1 ml amounts with equal volumes of the homo- 
genized sputum and allowed to incubate for the desired time at 37®C After the 
specified intervals the pH of the mixtures was adjusted to 7 with the necessar 3 
amount of acid or base in sufficient diluent to make a final \ olume of 10 ml 
and inoculated onto 10 tubes of medium in 0 1 ml amounts without further 
preparation 

The exposure penods dunng which the “positive” sputmn was in contact with 
each of the digestants before neutralization were 20 and 40 minutes and 2, 21, 
48, and 72 hours 

In order to compare the inherent toxicitics of the reagents (apart from the pll 
produced), ahquots of the decontaminated and neutralized sputum were aho 
incubated in a final \ olume of 10 ml of the salt formed by neutralization of each 
digestant These results did not differ from those obtained when sodium hy- 

*The homogenized sputum was tested for combining power writli different digestants, 
sodium hjdroxide, sulfunc acid, hjdrochlonc acid, oxalic acid, tnsodium pliosplntc, and 
ammomum carbonate Three 1ml samples of each digestant were mixed with 1 ml samples 
of the homogemzed sputum and the reaction adjusted to pll 7 0 using bromtlpanol blue 
as an indicator, sodium hidrotide was used to neutralize the "Cids and sulfunc acid to 
neutralize the bases To a\oid the use of strong reagents on metaprotcins, the neutralizing 
solutions wrero brought to a \ olume of S ml 
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droxide was neutralized with sulfuric acid The loss of viabihty was very slow 
by companson with that in the active reagents 
The toxicities of the digestants tested m the presence of sputum are shown m 
table 2 The toxicities of such digestants as were tested both m sputum and 
aqueous suspensions aie seen to be comparable Unfortunately antiform and 
oxalic acid were not tested under both conditions 

TABLE 2 


Total Colony Counts on 10 Tubes of Medium Inoculated vnih Homogenized Sputum Containing 
Tubercle Bacilli and Exposed to Various Digestants 


EXPOSURE TIME 

NaOH i PER CENT 

TRlSODItm 

PHOSPHATE 

S PEE CElfT 

OXAEIC AQO 

2 5 pEr cent 

HiSOi 

2 5 PEE CENT 

AMMONIUM 

CARBONATE 

1 25 PER CENT 

HCI 
t 5 PEE 
CENT 

Full time 
exposure 

Base’ only 
iO minutes 

20 Minutes 

Inn con- 

Inn con- 

Inn con- 

Contam 

Inn con- 

Contam 

400 


tam 

tam 

tam 


tam 



40 Minutes 

Inn 

Inn 

Inn 

Inn 

Inn 

Inn 

140 

2 Hours 

Inn 

Inn 

Inn 

Inn 

1,000 

1,000 

0 

24 Hours 

sso 

1,000 

1,000 

0 

0 

0 

0 

48 Hours 

0 i 

700 

270 

0 

0 

0 

0 

72 Hours 

0 

400 

60 

0 

0 

i « 

0 


Inn ■= Innumerable acid-fast oolomes 
Contam = contaminated 

* At 40 minutes the remainder of this series of NaOH tubes was neutrahzed 
Subsequent decline in viability serves to indicate the rate of death in neutralized sputum 
during the completion of the experiment 


niscussioN 

Tison (4) claims that tubercle bacilh retain viabihty and infectmty up to 3 
months in sputum held at 7° to 22°C , whereas in most sputum infectivity is 
lost after 4 days at Z7°C 

Corper and Stoner (5) point out that tnsodium phosphate in a concentration 
of 10 per cent (23 per cent NaaPOi 12 H 2 O) canremam in contact with small num- 
bers of tubercle bacilli for as long as seven days at room temperature without de- 
stroying all of them 

Results of the experiments descnbed in this paper tend to corroborate the 
findings of the latter two authors Nevertheless, even m the case of the least toxic 
of the digestants, a marked diminution in the number of bacilh was found after 
short exposures While our experiments were never continued for as long as 7 
days, it is recogmzed as possible that some bacilh might survive that long if 
their onginal number is large enough and the temperature of the room is low 
enough 

In some laboratones sulfunc acid has been considered less toxic to tubercle 
bacilh than either hydrochlonc acid or sodium hydroxide For this reason “thin” 
specimens not lequinng a potent digestant are generally treated wath sulfunc 
acid in preference to sodium hydroxide Tins conception probably stems from 
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the work of Corper and Uyei (6) 'nho found that, of the large number of reagents 
investigated for isolating tubercle bacilli from contaminated tubeiculous material, 
sulfuric acid vas most sernceable “It possessed a wader range between its being 
innocuous for tubercle bacilli and its being capable of destro3ang undesirable 
contaminators than an3f of the others tested HCl and NaOH also pro\ ed satis- 
factor3’' for this purpose, the former slight more so than the latter, while urea, 
sodium carbonate, ammomum h3'^dro\ide and ammomum carbonate proved en- 
tirely unsatisfactor3’^ ” 

An explanation of these findings wath the acids may rest m part on the likeli- 
hood of more efficient collection of the tubercle bacilh due to then occlusion in 
the bulkier sediments w'hich result fiom acid treatment Low toxicity of digestant 
and facilitation of collection need not go hand m hand 

According to the results of tests b3’' the Tuberculosis Ehmluation Laboratoi3', 
ammonium carbonate w as also found less satisfactoiy than the other reagents 
However, repeated tests failed to sliow an3’- advantage of sulfuric acid or h3- 
drochlonc acid over sodium lydroxide at any concentration studied Two per 
cent, 3 per cent, and 4 per cent sodium hydroxide w ere compared with 2 5 per 
cent, 5 per cent, and 6 per cent sulfmic acid and 1 5 per cent and 3 per cent 
hydrochloric acid Contrar3’’ to the expenence of Corper and U^smi, it was found 
that sodium h3'-droxide was relative^'- less toxic to the tubercle bacillus than 
sulfuric acid and hydrochloric acid at the concentrations mentioned and relatively 
more toxic than tnsodium phosphate, 10 per cent 

CONCLUSION 

Experiments were undertaken to compare the toxicities of various commonly 
used digestants Tnsodium phosphate and sodium lydroxide appeared to be 
less toxic to tubercle bacilh than the other agents tested 

CONCLUSIONES 

Toxicidad de los Digcstanks del Esputo para los Bacdos Tuhcrculosos cn Agua 

y cn Esputo 

En las condiciones de los expcnmentos aqul descntps, los digestantcs del 
esputo im cstigados ocuparon, en cl orden de su toxicidad crcciente, los siguicntes 
puestos fosfato trisddico, hidrdxido de sodio, dcido oxdlico, dcido sulfunco 3' 
dcido clorhldnco 
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THE COMBINED USE OF TRACHEAL LAVAGE AND CULTURE AS A 
DIAGNOSTIC PROCEDURE IN PULMONARY TUBERCULOSIS* = 

BUFORD H WARDRIP,’ C GERALD SCARBOROUGH, vnd E GBTN ROBERTS 

(Recen ed for publication April 25, 1949) 

IKTEODtrCTION 

The chmcal evaluation of the minimal pulmonary infiltration is often diflacult 
because of lack of bacteriological confirmation This has alwa'^’s been true, but 
with the wnde use of roentgenographic sun'e5*s the problem of determimng 
whether or not a mimmal lesion is active is being encountered mth increasing 
frequency 

The chest phs'sician often faces the followmg dilemma Should he actnely 
treat a patient who, in his judgment, has an active lesion but from whom no tu- 
bercle bacilh can be recovered? To do so means embarking that person upon a 
long course of treatment with the interruption of normal Imng, no small expense, 
p^chic trauma, et cetera, and 3’’et not to treat him actively calls for prolonged 
observ^ation of one who does not consider himself to be lU, and mcurs the nsk of 
losmg contact with the patient It also means that the physician must accept 
the hazard of possible extension of the patient’s disease and infection to his near 
associates 

HiUeboe advises observation of these patients If an ideal follow-up and case- 
holdmg program are available, this is good epidemiolog}’ but does not alwaj’S 
serve the best interest of the mdi\ idual Hilleboe is rightlj'- concerned in avoiding 
the treatment of inactive lesions but, unless some accurate method of evaluating 
actmty is available, there also exists the senous possibihtj that the treatment 
of active lesions may be delayed Tins maj' be disastrous to the indmdual, and 
the individual after all is one of the plij-sician’s responsibilities ConsequentU', 
the one upon whom theresponsibihtj' of decision rests is relieved if he has factual 
data regarding the activity of the lesion under consideration 

It would seem that the answer to this dilemma would he m the availabilitv 
of a sensitive, accurate, rapid, and simple method for the rccov erj' of tubercle 
bacilli from the lesion in question A verj’ considerable advance lias been made 
in this direction bj the combined use of tracheal lavage and sensitive culture 
methods The wnters have been surprised by the high percentage of rccoverj' of 
tubercle bacilli from such lesions by the combined use of those procedures 

For the purpose of this discussion it is assumed that all the usual methods of 
direct cvamination have been cmplov’ed without success before the more elabo- 
rate and sensitive methods are undertaken 

» Presented at the annual mcetinE of the Califomn Trudcnii Vicictv in San Francisco, 
California, on ^pnl 4, 1949 

» Much of the data used in this paper is from a studv supported in part b\ the Alameda 
C^iuntj Tuberculosis and Health A^ociation 

’ Medical Director, Alum Rock Sanatorium, San Jose, California 
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ADVANTAGES OF TRACHEAL LAVAGE 

Tracheal lavage as compared to gastne lavage has the follo-wing advantages 

(1) The material is obtained nearer the source of its origin and has not been diluted or 
dissipated 

(2) The organisms have not had their viability impaired bj coming in contact with 
gastric acids and enzymes (important in culture or animal studj) 

(S) It is not necessary to do the tracheal lavage upon a fasting stomach It can be done 
any time of the daj' and is easily carried out as an office procedure 

( 4 ) It IS well tolerated by the patient, many patients state that "it is not nearlj so bad 
as a gastric ” 

Culture, when earned out by a technician trained m its use and under the 
exacting conditions required, has the following advantages over animal inocula- 
tion 

(1) It IS more rapid When using Dubos media, positive cultures arc obtained not in- 
frequently within the period of ten daj-s, but in an average from fourteen to twenty-one 
dajs 

(2) It IS less expensive 

(5) It is at least as sensitive as animal inoculation 

( 4 ) In spite of belief to the contrarj , there is evidence that guinea pigs have some natural 
resistance to infection \Mth the tubercle bacillus (1) 

These combined advantages add up to a major advance m our abihty to re- 
cover tubercle bacilli from the patient who sheds onlj’^ a few’ organisms 

TECnMQtJE OF TRACHEAL LAVAGE 

The techmque of tracheal lavage is not diflBcult Fasting is not required If 
the patient has an active gag reflex, the pharjmx may be sprayed with a 2 per 
cent pontocaine solution For the ^'cry rare patient who may be sensitive to pon- 
tocame, it is well to have an injectable barbiturate at band With the patient in 
a sitting position the tongue is drawm forward, the larjnx is visualized waUi a 
mirror, and the larjiigeal cannula tip is introduced betw’een the vocal cords 
thus ensunng the introduction of the lav age liquid into the trachea itself Tlicn 
5 cc of stenle distilled v^ater arc quickb*^ introduced through the cannula Tlic 
use of stenle distilled water is preferred to saline solution, since it has been re- 
ported that saline slow s the growth of cultures of tubercle bacilli (2) The material 
coughed up is collected in a sterile container and concentrated for culture or 
guinea pig inoculation Several tracheal instillations ma 3 ' be carried out at one 
sitting The equipment required for tracheal lavage is simple and consists of tJic 
follow mg 

(1) No 4 Inrj ngcvl mirror 

(2) A mclal HrsngC'il cntinula 

(5) A 6 cc nngc 

( 4 ) A licit! mirror 

Because of the cvplosivc character of the cough which ''Omctimes occurs, if r 
well to wear a face mask or shield 
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COArPARISON OF MEDIA 

Extensive experiments have been earned on in attempts to compare ^ anous 
media Such studies are ne\ er inthout bias of some sort, since even the most 
scrupulous attempts to conduct a fair tnal are usually shaded in favor of the 
medium vath vhich the teclimcian is most familiar The technical details of the 
media used in the present study are being published elsewhere Suffice it to say 
that in the writers’ expenence the media used line up as folloivs with regard to 
both sensitmty and speed of growth 

(1) Dubos (oleic acid, solid medium 111111 penicillin (3)) 

(S) Herrold's medium (as desenbed m the proceedings of the Staff Meetings of the Mai o 
Clinic (4, 5)) 

(S) OfHcial medium of the American Trudeau Societi ns modified at the latest session of 
the Research Committee (6) 

(4) Petragnani’s medium 

(o) Petnek’s medium (This medium was used in the laboratory fory care and it is fairly 
sensitive, but requires considerable time for gron th) 

The above mentioned modified Dubos medium lends itself t ery v ell to the 
determination of sensitn ity tests and overcomes the objections made by' Wilhston 
and Youmans (7) and others, since it does not contain Tveen or serum 

Dubos media in a solid form has been used to facilitate the study of the mor- 
phology of the colonies, which taries considerably The morphology’ of the col- 
onies gives an excellent index to -nrulence 

TRACHE \h LAVAGE AS COMPARED TO GASTRIC LAt -VGE 

Tracheal latage was performed on 199 patients with negatne bactenologic 
findings by' direct methods of examination at Arroyo del ^’allc Sanatorium, 
Highland Hospital, Fairmont Hospital (all of Alameda County), and elsewhere 
Tubercle bacilli were cultured (on Dubos medium) from the laiagc specimens of 
111 of these 199 patients Gastric la\age had been performed in SG of these 111 
patients In only 24 instances was the specimen of gastnc washings positnc for 
tubercle bacilli when cultured by' \ anous techniques 

In no instance were tubercle bacilli cultured from gastric la\ago material ob- 
tained from a patient whose tracheal laaage specimens were negatn e for tubercle 
bacilli 


GUINEV PIG IXOCDLXTION AS COMPARED TO CULTURE (dUBOS) 

Forty duidcd specimens were inoculated into guinea pigs and upon culture 
media Twcnty-so\cn of these were positive for jV lubcrculosis upon Dubos cul- 
ture, and 23 of the 27 were positnc as reflected by the presence of gross lesions 
m the guinea pigs at autopsy The remaining 4 animals w Inch had been inoculated 
had positive tuberculin tests to o mg of Old Tuberculin 
Since the start of this studv Iw 0 v cars ago at Arroy o del Valle and at Liv cr- 
moro Veterans Administration Hospital, there has been no instance of a “po'-i- 
tive” guinea pig and a “negative” Dubos culture when examinations vcrc done 
upon div ided specimens 
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GUINEA PIG INOCULATION AS COMPARED TO DUBOS MEDIUil AND AMERICAN 
TRUDEAU SOCIETY MEDIUM INOCULATION 

Specimens obtained from 580 consecutive cases of tuberculosis were studied 
at Arroyo del Valle and Livermore Veterans Administration Hospital Tubercle 
bacilli were cultured fiom the specimens from 269 patients The specimens from 
45 patients, honever, 3 nelded tubercle bacilli when cultured on Dubos medium 
but not upon guinea pig inoculation The animals were tested with 5 mg of Old 
Tuberculin and uere examined for the piesence of gross lesions at autopsy 
Thirty-one of these 45 specimens also yielded tubercle bacilli when cultured on 
the American Trudeau Society medium 

All of the above 45 cases, which were positive to culture but negative to guinea 
pig inoculation, weie checked by subinoculation into guinea pigs and all of the 
animals so inoculated developed positive tubercuhn tests and had gross lesions 
at autopsy 

This should not be interpreted as a recommendation to abandon guinea pigs 
for diagnostic purposes In hospitals which do not specialize m tuberculosis work, 
they furnish the best method of diagnosis, and even in laboratories devoting 
much time to tuberculosis they are often necessary for proof of pathogenicity 

CONCLUSION 

It IS believed that the combination of tracheal lavage plus culture brings us 
to a new era in our ability to evaluate properly the clinical status of minimal 
tuberculous lesions The technique is sensitive, accurate, rapid, and the procedure 
of gathering material for examination is simple to perfoim 

The sensitiveness of these combined techniques is such that we are not yet 
prepared to use the procedure in evaluation of therapy At present it is doubtful 
whether it should be used for this purpose It is, however, a procedure that is of 
tremendous help diagnostically in evaluating lesions for which we previously had 
to depend to a large extent upon our clinical judgment alone 

CONCLUSIONES 

Empleo Combinado del Lavado Traqueal y de los Cultivos coma Procedinnento de 
Diagnoshco en la Tuberculosis Pulmonar 

Opina el A que la combinacion del lavado traqueal y de los cultivos nos lleva 
a una nueva era en nuestra capacidad para justipreciar el estado clmico de las 
lesiones tuberculosas mlnimas La t4cnica es dehcada, exacta, rapida y el pro- 
cedimiento para recoger el material para examen es sencillo en su ejecucidn 

Tan dehcadas resultan esas t4cnicas combinadas que el A no se siente todavfa 
en aptitud de usar el procedimiento para la valuacidn de la terap4utica, y duda 
que deba usarse para ese fin por ahora No obstante, la t4cnica posee inmenso 
valor diagnostico para justipreciar lesiones en las que antes habia que atenerse 
en gran parte exclusivamente al juicio clfnico 
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AUSCULTATION 

A New Conception of the Resplrafoij Murmur and Its Place In Diagnosis 
F M POTTENGER' 

(Rccei\ od for publication Februarj 3, 1949) 

W hen one suggests the displacement of an established opinion, he should offer 
a logical substitute In pre\nous publications (1, 2, 3, 4) the \\nter made a ne^^ 
appraisal of auscultation based on climcal experience and facts m phjsics and 
physiology t\hich ha\e been discovered since Laennec’s time He nov wishes to 
add further evidence to shou that the respiratory murmur is composed of sound 
vibrations which ongmate in all component parts of the respiratory mechanism, 
and to point out how this fact may be used advantageously in the physical ex- 
amination of the hmgs 

For more than a century auscultation has been accepted as the chief measure 
on which dependence can be placed in the phs-sical diagnosis of diseases of the 
lungs and pleura, and yet, as taught, it is not satisfactory This is a prime reason 
why pliysical diagnosis in chest diseases has been disappointing and why its place 
has been yielded so inlhngly to the roentgenogram On the other hand, could 
physical examination be satisfactory, the personal element in it should make it 
an invaluable procedure 

No matter if w e are obliged to change our opimon as to the cause of the nor- 
mal and abnormal respiratory murmurs, this can m no way take away the value 
of auscultation, or remove from Auenbrugger (5) and Laennec (6) the honor of 
ha^n^g founded phjsical examination of the chest 

Laennec said “The sound of respiration presents different characters, accordmg as 
it takes place in the pulmonary tissue, the larynx, the trachea, or the large bronchial 
trunks ” He desenbed \ esicular respiration thus “a gentle but extremely distmct murmur, 
'srhich mdicatcs the penetration of air into the pulmonary tissue, and its expulsion ” 
It may be heard best “where the lungs are nearest the surface of the body, namely, the 
antenor-eupenor, lateral and postenor-mfenor parts ’’ 

He designated “as bronchial respiration, the sound produced by inspiration and 
expiration, m the larynx, trachea, and large bronchial trunks situated at the roots of the 
lung After the roots of the lungs, the summits are the parts of these organs where 
the bronchial respiration is mamfested in the most characteristic manner " He practically 
Ignored expiration, but his associates described the length of mspiration to expiration as 
10 2 

Beau (7) m 1834 suggested that the respiratory murmur is caused by air passmg 
through the glottis, the sound bemg transmitted and modified by the bronchi and air 
cells, as suggested by Laennec 

Textbooks for the past century have almost umversally accepted the explanations of 
the respiratory murmur as gveu by Laennec and Beau, some bemg more favorable to 
Laennec’s explanation, others to that of Beau 

’Monrovia, California 
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Skoda (S) accepts the cause of the \ esicular and bronchial niunnur ns cn bj Lacn- 
nec 

Musser (9), m discussing the bronchial murmur, states “The sound is caused b\ the 
passage of the air through the nares mto the wider pharj-nx when the mouth is closed, 
and through the trachea and large bronchial tubes,” and st ites 

“The vesicular murmur is produced partly m the finest bronchial tubes and air cells 
by their expansion and contraction, and partly in the upper air passages, the latter 
sound bemg modified on account of the mtenention of the air-%csicles between the car 
and the larger bronchi ” 

Guttmann (10) discusses the theory of Beau that the respirator} murmur is due to the 
sound made by the air passing through the larjiix, the bronchi, and air cells, and sa}^ 
that this theor}" must gne way to Laennec’s idea that the sound is produced b} the 
air passmg through and dilating the bronchi and then the air cells 

Da Costa (11) beheaes that the pulmonar} tissue is the principal factor In discussing 
the theories of the respiratory murmur ansing m the lar^Tix and being transmitted doivn 
through the bronchi and air cells, and the theor}’ of Sahli that the local nio\ ements of the 
pulmonar}' parench}^^ account for certain elements m the murmur, he states “Together 
these two h}'potheses seiae as a better explanation than the original thcon of Laenncc 
that the sound was due to the friction of the air current m the bronchi and infundibula ” 

Powell and Hartley (12) state “Laenncc was of the opinion that the sounds ongin.atcd 
m the affected lung, but it is now admitted that thev arc in realit} genented in the 
lar}'n\, and thence conducted down the passages mto the chest, and so to the obscr\ cr’s 
car” 

Elmer and Rose (13) arc dissatisfied with both Laennec’s and Beau’s suggestion for the 
cause of the rcspiratoi}' murmur and state that the “vesicular murmur is mere!} bron- 
chial breathing softened in its transmission from the lamix along the aerial column 
contained m the trachea and bronchi, mingled with the soft crepitation of innumerable 
pulmonary alveoli during their mflation and subsequent collapse ” 

It will be seen that none of these authors div orccs his idea from the air column 
and the structures of the upper air passages and the bronchial and pulmonar}' 
tissues All describe the inspirator} murmur as being longer than the cxpir itor} 

These descnptions are not satisfactorv, nor are the} m accordance with present 
knowledge The} must be studied further to make them most useful "I he ph}- 
Bician who practices at the bedside should develop his abiht} to sec, hear, and 
feel the signs of disease which the patient presents It is ncccssar} for him to 
make himself as independent as possible of rocntgenographic examination be- 
cause It IS not alw av s av ailablc ^n} knowledge that w ill make pin siral di-gnoMS 
more useful is to be desired The following discussion of 00*^0011 ation and the 
respirator}' murmur is offered with this m mind 

Dunng the vvnter’s more than fiftv xcars of examining chests, he has made 
certain observations winch arc contr in to thC'C teachings and which he believes 
will make auscultation more useful 

It IS evident to an} one who will examine c ircfullv that, normallv, in^pintion 
IS not longer than expiration — 10 2, 5 3, 3 1, ct cctem, as taught, but actually 
shorter 

The weakness of the re^p’r’ton murmur in ci'-" of ''bdomin d braithing in- 
dicatc.-! that the air column pa=.-!ng through the larv nx and bruachi and cxp'^nding 
the '■ir telk cannot be the origin of the rc^p ritoi} ‘-ound-, for the air caters the 
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air passages the same as it does in the usual type of breatlung, yet the murmur 
IS weak We also have a respiratory murmur when the laiynx is by-passed by 
the bronchoscope 

Moreover, it is not rational to accept without questioning that the murmur 
heaid near the hilum and in the intei scapular region is produced, even chiefly, 
by the air as it passes the glottis, enters and dilates the bronchi, impinging on 
their surfaces, and that in the mam portion of the lung, by air entering and di- 
lating ail cells 

Relation of respiratory murmur to respiratory mechanism What may we offer as 
a substitute for these long held opinions? After noting that inspiration is not 
longer than expiration, the water was next impressed with the fact that there is 
a muscular element in the murmur (14) By placing the stethoscope over a con- 
tracting biceps, a sound was heard which possessed some of the qualities of the 
respiratory murmur It was noted during normal breathing that a fairly good 
but weak murmur could be heard over the abdominal muscles A murmur was 
also noted over the chest wall where the lungs were collapsed by pneumothorax 
and the lung tissue was separated mdely from the chest wall by an air cushion 
Such murmurs are usually weak if the pressure is marked, but sometimes, when 
the panetal pleuia is thickened, they may not be far from normal m their in- 
tensitj’’, indicating that different factors enter into their production The thick- 
ness of the pleura alters the murmur, sometimes increasing and sometimes de- 
creasing it More recentlj’" a weak respiratory murmur was heard over the chest 
wall where the lung had been removed by pneumonectomy Surely the entry of 
air could not be responsible for this sound because the pulmonary elements with 
the air current had been removed from the side 

To what can the sounds be attributed in pneumothorax and pneumonectomy, 
w'here a little air may enter in the one case, and none in the other? On careful 
analysis the answer seems evident The respiratory murmur begins with the 
inspiratory movement and ends with the adjustment of the pulmonary tissues 
at the end of the expiratory movement Is it not reasonable then to attnbute 
the murmur to the respiratory mechanism, every part that causes and transmits 
sound vibrations, the muscles, the bony cage, the pleura when inflamed or thick- 
ened, the mediastinum especially when pathological, the bronchi, the pulmonary 
tissue, the air passages, and the column of air? 

It seems rational to look upon the air column and air spaces as incidental 
rathei than the chief factors m the production of the respiratory murmur The 
force of the tidal air as it enters the lungs is nullified by the residual air already 
present, and the air after entering the large bronchi diffuses into the small bronchi 
and alveoli vhen the thorax is enlarged and is expressed during the contraction 
of the thorax 

That part of the respiratoiy mechanism uhich is responsible for the hronchial 
mumiw IS normally limited to the supenor portion of the chest and is most dis- 
tinct posteriorly Here the sound vibrations are produced by the air current, the 
larger bronchi, a comparatively small amount of pulmonaiy tissue, a heavy 
musculature, and the least elastic portion of the bony cage 

On the other hand, that part of the respiratoi^’’ mechanism which is largely 
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responsible for the tcsicular murmur is dominant in the anterolateral and loner 
portions of the lungs Here the murmur is composed of ^^b^atlons n hicli onginate 
in structures largelj’ air-contaimng (the finer bronchi and air cells) plus a limited 
musculature and an elastic bon}’- cage 

In auscultation of the normal lung and pleura, we are Iistemng to the complex 
sound caused by ^^bratIons in the respiratoi}’ mcchamsm in action, and in patho- 
logical conditions, ne hear that modification of the normal sounds which the 
particular pathological process causes in the action of the respiratoi}' mechanism 
No other explanation seems adequate to account for the i anations in the rcspira- 
toiy' murmur which are met m diseases of the lungs and pleura Infiltration 
decreases the proportion of air-contaimng elements, which produce sound Aibn- 
tion, and disturbs the action of the respirator} mechanism 
iVloreoi er, in the sounds heard on auscultation it is e\ ident that there are tw o 
distinct factors which must be taken into consideration sound production and 
sound transmission Sometimes one is predominant, and again, the other The 
respiratoiy murmur heard at any given point consists of a composite sound 
onginating in that portion of the respiratory mechanism which is transmittal 
to the car at the point of obsen ation 

Infiltrations in the lung alter respirator} mo\cment and according to tlicir 
nature, size, density and location, change the sounds They act in two ways 
First, acute inflammatoi}’’ processes such as actnc tuberculosis cause spasm 
of apical muscles, particular!} the sternocleidomastoid, scaleni, lc\ ator nnguli 
scapulae and acromial portion of the trapezius abo\c, and the trus and central 
tendon of the diaphragm below, and modify respiration b\ rencvl} lessening the 
mo\cmcnt of the hemithorax in which the pathological process is located ( 15 , 
10 , 17 ) 

Second, all infiltrations, wlicthcr inflammatorj or noiunfl immaton, interfere 
with full respirator}' moacment b} their presence, the amount of mterfcrcnco 
aao'ing with the extent and character of the infiltration lhe\ abomodif} sound 
transmission 

It rcadil} can be seen that the effect of both the reflex and the infiltration per 
fc IS to slow and lessen both the inspirator} and expintoi} mo\ ement 'I Ins 
alters the sound vibrations It prolongs both phases of the respirator} murmur 
and in man} instances produces a higher-pitched note If the infiltration rcsiilfh 
in much fibrosis, then the murmur ma} show the above distiirbames to a liigh 
degree and be transmitted wnth increased force This we see in the inereaeal 
voice transmission caused bv extensive scar tissue in tuherculosis, particular!} 
when situated near the apex, or in a cavit} with smooth walls Hirroundcfl 
In dense scar tissue — the pcclonloquy of Lacnnec 
The respirator} murmur mav hav e different qualities acionling to the indn id- 
ual chest, the part of the chest in whicii (he infiltration is located, and (he partu - 
uKrcharactcnstics of the infiltration AH of these factors will influence rcqim'ton 
movement diffcrcntl} One rarclv finds a markedh har-h murmur o- market! 

VO CO transmi^ion when the infiltration ic «’mall, scattered, or sitintal deep in 
(he King •mrroundwl on all •^idcs bv funtliomng pulmonvrv fi'^me, no maltor 
wh it the characlcn<’tics of the pathologic proec'- If the jrifiUnition is small, the 
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respirator}’- meclianism may be influenced so little that the piesence of the pathol- 
ogy may be -wholly overlooked on auscultation 
Emphysema, such as v e find in cliromc bronchitis, bronchiectasis, asthma, or 
the compensator}’- emphysema found m chrome, far adianced tuberculosis, 
changes the respiratoiy movement and the accompanying murmui accordmg to 
the folloiving pattern Inch varies according to the degiee of emphysema present 
Tlie lungs at rest are dilated, the intercostal spaces are distended, the bony cage 
IS fixed and rigid, and the diaphragm is depressed and incapable of full movement 
Ei’-ei}'- factor nhich enters into normal respiratory movement is limited in its 
activity, hence the respiratory murmui is -weak 
In pneumothorax, the auscultatory sounds consist partly of the weak contrac- 
tion of the chest muscles and those made by the feeble movements of the bony 
cage, plus whatever pulmonary tissue there is to engage in the respiratory move- 
ment In pneumonectomy the stretching of the tissues which occupy the former 
lung space in response to respiratory effort may produce detectable sound -vi- 
brations 

In a chromcally contracted lung the pulmonar}’-, the muscular, and the bony 
cage elements of the respiratoiy murmur may or may not be largely removed 
and the sounds vmry accordingly But if there is marked fibrosis or a cavity m 
the midst of dense scar and the an freely enters, the v’-ocal sounds may be strongly 
transmitted This is bronchophony and pectoriloquy, m vlnch transmission greatly 
overshadows sound production 

Diseases of the pleura may also alter the respirator} movement and change 
the respiratoiy murmur Acute pleuntis causes local spasm of the intercostal 
muscles and reduces the movement of that segment of the bony cage over the 
part of the pleura which is inflamed, causmg a decrease in the intensity of the 
murmur It also may cause a fnction rub when the inflamed surfaces move on 
each other Should an effusion occur, the nature of the sounds wall depend on 
the amount of flmd present Much fliud distends the mtercostal spaces, reduces 
the movement of the muscles and bony cage, separates the pulmonary tissue 
from the parietal pleura, and lessens the respirator}’- sounds 
Rales and the respiratory mechanism Rales may be heaid in pathological con- 
ditions of both the lungs and pleura They are called crepitant, subcrepitant, 
gurgling, and musical Roughly speaking, the first three varieties are considered 
to be caused by mucus in the bronchi, air cells, and cavities, while the musical 
rale is an obstructive rale caused by partial blocking of a bronchus But there 
are pleural rales which cannot be distinguished from nonmusical rales of pul- 
monary ongin 

The -wnter knows of no sure way to differentiate the fine and moderately 
coarse rales onginating in the lung from those onginating in the pleura Both 
may be heard on deep inspiration and on expiration followed by cough and a 
qmck inspiration, and both may now and then be heaid on both inspiration and 
expiration 

The best evidence for differentiating these rales depends on the pulmonaiy 
and pleural reflexes, and this is not wholly satisfactor}*- 
If atrophy of the subcutaneous tissue is present and does not extend below 


644 


F M rOTTEN'GER 


the second nb antenorly and the spine of the scapula postenorly, rales hoard 
are most likely of pulmonai:>* ongin, because this is the area of the pulmonarj' 
trophic reflex* 

If atrophy is found anj'where between the second nb antenorh and the spine 
of the scapula postenorlj* abo%e, and the lower margin of the nbs, this shows 
that the pleura has been inflamed and as a result the intercostal (IS) and sub- 
cutaneous tissues (3) arc degenerated and rales lieard o^i er these areas arc likely 
to be of pleural ongin The fact that sometimes rales are not heard does not mean 
that no pathologj is present 

Wflien the trophic reflex extends from the apex down below the second nb 
antenorl}' and the spine of the scapula postenorly, rales are uncertain as to ori- 
gin, for this indicates that both pulmonary and pleural tissues ha\ e been m\ oh ed 
After inflammation of the pleura has subsided, or an effusion has become ab- 
sorbed, the o\ crhnng intercostal and subcutaneous tissues maj be permanently 
degenerated and alteration of the respirator}* movement and murmur max persist 
Degeneration of the subcutaneous and intercostal tissues with alteration of the 
murmur frequently follows the thickening of the parietal pleura caused by the 
imtation of the air in case of pneumothorax treatment In some of these cases, 
rales arc found and occasionally pain is present Detectable atroph} is near!} 
alwajs present if the pneumothorax has been maintained for more than a few 
months 

Rales arising in both the pulmonarx tissues and the pleura ma} be persistent, 
and pleural rales ma} be permanent I hax c heard these rales on rc-cxamming 
patients ncarh fiftx } cars after I first noticed them 
It IS not at all uncommon for the moa'cment of the chest wall, Iicnce the re- 
spiratorx murmur, to be perceptibly lessened if the previous pleural mvoh ement 
xxas cxtcnsixe 

Pam max recur x cars after the acute phase of the plcuris} has passed, especial!} 
under conditions of low cnerg}, tinng, emotional stress, worrx and disappoint- 
ment, menstruation, and changes m weather 
Con<<truclnf' ^iiggc^iwns This discussion of auscultation is not who!!} dcstnic- 
tne There IS a constnictuc side It attempts to show w hat the rcspir Uon mur- 
mur IS not, and also what it is 1 his discu'^sion takes aw a} much of the independ- 
ent xahic heretofore ascribed to ruscultation and ^hows that all methods of 
ph}MC''l examination of the lungs and pleura are interdependent It raises auscul- 
tation from Us dependence on the erroneous belief that the rcspiratorx murmur 
IS cau'-cd b} the rush of air into the bronchi end air cells, and gnes as its basis 
xibmtions ansing m the rcsniratorv mcchani'-m 
With this new conception the so-called tts.c'dar nn-mr is hc.anl in the an- 
tcrosui>cnor, htcral, and lo.'cr poUion of the lung, vhcrc the piilmonar} ti-^nics 
are dominant in the preduction of sound xihrations, and the ‘•o called ironchal 
n vr- v, in the hihr area "nd the portcrosupenor poUion, v here the nonpiil- 
moa-'-v t!;-’ics arc dominant, as has long been taught InfltnUion^, no matter 
vbire located, reduce the dominance of the xibralions fro n thr pulrnonara 
t'"-’!f- imd m"tc the sounds take on what I^cnncc called r 6re?,rA r' qu**!!!} 
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The tcmib bronchial and icsicular may be retained but they should be assigned 
to the entire respirator}’ meclianism and carr}’ the neu meaning of dominance 
m non air-containing tissues in the production and tiansmission of the bronchial 
murmur, and dominance in the air-contaming tissues m the vesicular murmur 
B} carefull} inspecting and palpating chests, the examiner may determine 
xvath fair definiteness ho%\ the respirator}’ mechanism is disturbed He should 
pay due regard to the reflex spasms and degenerations caused by pathological 
changes in both lungs and pleura, and also note the effect on both the form and 
moxement of the chest caused b} infiltration and other pathological changes 
Prominent among these are emphysema, rigid thorax, and marked contraction, 
^^hlch arc often evident to the 0}C and more fully determined by palpation and 
percussion If ho uall make these initial obseiamtions he vill have some idea of 
x\hat the respirator} murmur may be before putting a stethoscope on the chest 
Howexcr, he must not expect to find the same sounds caused by the same 
palholog} in all chests We have been taught to axpect to find far greater changes 
m the murmur than arc present, especially w here infiltrations are small or nadely 
scattered It is surpnsing to find how often they are so slight as to be almost 
unrecognizable 

The examiner must make more of physical examination of the chest than the 
use of auscultation and percussion It must mean a complete and careful study 
of the patient's respirator}’ mechanism Seeing and feeling are of equal importance 
to hcanng Disturbed ph}siology, as shown m the reflexes and in interference 
wath the respirator}’ mcchamsm, wluch may be determined by inspection and 
palpation, take on added importance and must be utilized m order to obtain a 
full picture of any disease affecting either the lungs or pleura Physical examina- 
tion must be rew ntten w ith due emphasis on the utilization of all data obtained 
on sight, touch, and heanng, rather than limiting it to what is heard through the 
stethoscope and determined by the use of the percussing finger 

suxrxiAiiY 

The respiratory murmur cannot be due to the air ruslung through the larynx 
and impinging on the bronchial walls and dilating the air cells, because the lungs 
always contain residual air which stops the force of the incoming current and 
causes the air to enter the finer bronchi and air cells by diffusion 
The respiratoiy murmur consists of a mixture of sound vibrations originating 
m all components of the respiratory mechanism 
The sound vibrations x\hich cause the vesicular murmur ongmate in the re- 
spiratoiy mechanism in the anterior, lateral, and lower portions of the chest 
where the air cells predominate, the musculature is light, and the bony cage 
elastic 

That part of the respiratory mechamsm which noimally causes the bronchial 
murmur is found m the supenor portion of the chest and is most distinct posteri- 
orly Here the sound vibrations are produced by the air current, the larger 
bronchi, a comparatively small amount of pulmonary tissue and air cells, a heavy 
musculature, and the least elastic portion of the bony cage 
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The importance of the trophic reSexes in the difierentiatioii of pulmonaij and 
pleural rales is discussed 

One should begin examination by inspection and palpation. By these measures 
he determmes the shape, deformities, and movements of the chest and vrhether 
or not any reflexes or any departures from the normal are present With this 
information he may proceed to percussion and auscultation more mt^gently 
and with greater confidence and understanding 

StrUAEIO 

La Ausculiacion Xvcco Conccplo dd Soph Ll€spirah’'iO y dc sa Pucsto 

cn d Diagnodico 

El soplo respiratono no puede debeise al rapido paso del aire por la laiinge, 
chocando despuOs contra las paredes bronquiales y dilatando las c^ulas a&eas, 
porque los pulmones contienen aempre aire residual que atemia la fuersa de la 
comente de entrada y hace que el aire peneire por diftiadn en los bronquios 
mas dehcados y en las cflulas a&eas 

El soplo respiratono consta de una mezcla de nbraciones sonoras procedentes 
de todas las partes componentes del mecanismo de la respiracion 

Las Tibraciones que ocasionan el soph vcshular tienen su origea en d 
mecanismo respiratono de las porciones antenor, lateral e mfenor del torax en 
las que predo mm an las cdulas apneas, la musculatura es hviana y la caja dses 
dasbca 

La porcidn dd mecamsmo respiratono que ocasiona normalmente d soph 
bro7wmajl radica en la porcidn supenor dd torax, hallindose mds en endencia en 
la regidn postenor y produciendo allf las vibraciones sonoras la comente de 
aire, los bronqiuos mayores, una proporcidn comparativamente pequena, de 
tejido pulmonar, una musculatura pesada y la porcion menos ddstica de la 
caja dsea 

Discutese la importancia que rensten los reflejos troficos en la difereaciac^dn 
de los estertores pulmonares y pleurales 

El examen debe comenzar con la inspeccion y la palpacidn que psnmten de- 
tenmnar la conformacidn, deformidades y monmientos dd torax y si easten 
reflejos o desviaciones de lo normal Ckin esta infonnaadn, puede pasarse 
entonces a la percusidn y la auscultacion en forma rods mtdigente y con mayor 
confianza y comprenaon 
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TREATMENT OF ACUTE OBSTRUCTIVE TUBERCULOUS ENTEROCOLITIS 
BY “NONSURGICAL ILEOSTOMY” AND STREPTOMYCIN * * 

A Case Report 

JOHN W WOODBURY and SAMUEL PHILLIPS 
(Received for publication Maj 2, 19-19) 

Although acute obstruction is considered to be a rare complication of tuberculous entero- 
colitis (1), it IS one of the most serious (2) AAHien it occurs, effectn e treatment is often im- 
possible (1) Tlie following case report includes several unusual aspects but is primarily 
presented to illustrate a successful method of treating this complication 

CASE REPORT 

L L C , a 23-3 car-old white male veteran, first came under our care because of acute 
tuberculous tonsillitis The patient had become permanentl 3 '- and totally paraplegic with 
a “sensory level” at D 5 when his spine and left chest were traaersed by a rifle bullet in 1945 
He had received surgical, genitourinary and paraplegic attention, and plastic surgery , not 
as yet completed, for the closure of decubitus ulcers He was in good nutritional state and 
free of significant genitourinary infection 

On December?, 1946, this patient developed a sore throat, followed by’ nausea, \omiting, 
diarrhea, severe toMcity’, and irregular fever up to lOST His tonsils were enlarged and 
acutely inflamed and within five days exhibited areas of ulceration covered with greyish 
exudate There was no significant cervical adenopathy The patient was investigated and 
treated energetically with sulfonamides and penicillin without response In the middle of 
January 1947, repeated smears from the tonsils showed acid-fast bacilli, subsequently 
found by culture and animal inoculation to be virulent human tubercle bacilli Several 
specimens of sputum and a single stool were also positive for these microorganisms Chest 
roentgenograms revealed merely the residual scarring from his old gun-shot wound 
(figure 1) The patient was given streptomycin, 0 4 Gm intramuscularly’ ev ery four hours 
forseven day s and made a very prompt and dramatic recovery’ 

The sputum, however, remained positive for acid-fast bacilli on smear through March 
1947, and even thereafter was intermittently positiv’e for M tuberculosis on culture Bron- 
choscopy W'as performed in April but failed to reveal any tracheobronchial disease The 
patient w as kept on bed rest and he appeared clinically to be doing w ell except for occasional 
brief episodes of diarrhea and low -grade fever, w hicli are not uncommon in most paraplegics 
In November 1947, his diarrhea became persistent and the stools exceedingly’ foul Hyper- 
pyrexia and leukocytosis W’ere present The stools w ere consistently’ positive on smear and 
culture for tubercle bacilli Phy’sical examination at this time rev’ealed that the colon was 
palpable as an indurated tube from cecum to sigmoid An ulcerated, macerated, granulo- 
matous mass involving the posterior segment of the anus w as also found Proctoscopy re- 
vealed that this mass extended 3 to 4 cm up the postenor wall of the rectum Biopsy was 
taken and revealed tuberculous granulation tissue 


* From the Tuberculosis Section Medical Serv’ice, A^’eterans Adrmnistration Medical 
Teaching Group, Kennedy Hospital, Memphis 15, Tennessee 

* Published with permission of the Chief Medical Director, Department of Medicine 
and Surgery, Veterans Administration, who assumes no responsibility for the opinions ex- 
pressed or conclusions drawn by the authors 
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Uppei gisUointcstnnl senes ind smill mtestinil loentgenogi ims weie lepoited nega- 
li\c baiium cnenn on Decembei 10, 1947 dcmonstiatcd gloss alteiations of the colon 
fiom the cecum to splenic flexuic, with loss of flevibilitA , reduction of lumen, md iriegulu 
g\ nted boidei'S of the b uiuin column (figuie 2) The cecum appealed most involved Similai 
thinges weie ippiiont m the last 12 inches of the teiminal ileum 

On Decembei IG, 1947, 0 5 Gm of sticptomj cm twice daih was stilted, at fiist oialh 
Because theie w is no iiipiient effect on eithci the pitient’s fevei, foul smelling diairhea, 
oi geneial condition, the oi il loute w is discontinued on Decembei 31 1947 and leplaced 
bi OSGni of sticptonii cm twice d nil b\ the iiiti iniusculai loute which was continued foi 
1 total of 120 d ns 



Fig 1 Chest loentgenogiamXovembei 7, 1947 at time of onset of gastrointestinal sjnip 
toms No evidence of actn e tubeiculosis 

On Januaii 2, 1948 the pitient suddenh developed acute lowei bowel obstruction with 
right lower quidrant ciamp-hke pam, abdominal distension, nausea, and vomiting which 
soon became fecal m chaiactei Relief was affoided quite piompth be Wangensteen diain- 
age of the stomach ind the use of paienteial fluids During Jaiiuarj 1948, however, on fi\ e 
separate occasions theie occuired similar episodes of obstruction All were treated in 
the same fashion with the result that the patient would letain liquid foods and be able to 
pass feces normalh foi three to seven dajs before obstruction would occur 

In spite of the utmost efforts to maintain the patient’s nutiition and the emplojment 
of intravenous glucose ind piotem h^ droh sates, the patient’s weight dropped from 126 
pounds to 112 111 thirti dai s Consultation with the surgeons confiimed the opinion of all 
concerned that in the presence of such widespiead tubeiculousenteiocolitis, surgical intei- 
aention was inadiisalile 



oou A\OODBUln \^D PHILLIPS 

On Febium 4, 1948 i Millci Vbbott lube \s is pissed doMii to the distal poition of the 
ileum and a constant l\angensteen suction was maint uned for fourteen dajs (figure 3) 
The patient was fed i low residue hcpiid diet bj mouth with i few low -residue solids, sup- 
plemented by i quait of high c iloiic milk foimuK pci da\ ’ This icgimeii w is designed to 
maintain the patient’s caloric and piotein icquirements bi noinial alimentation At the 
same time it was hoped to preient furthei episodes of obstruction In dncrting the fecal 
stream from the tcimiiul ilcum bick up through the Millei- Mibott tube In means of the 
Wingenstoon suction Consult ition with our gastiociiteiologist fot his opinion of the 
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Fig 2 (Left) Baiium enema, December 10, 1947 showing mnked iinohement of ileum 
(lowei airow), ileocecal aiea (middle airow), iiid iscending ind tiansveise colon (uppoi 
auow ) 

Fig 3 (Right) Millei \bbott tube within the ileum 

method led to oui discoven that i lepoit had just been published In Machelh and Millei 
(3) on the use of the Millei-4.bbott tube foi similai puipose in the tieitment of idiopathic 
ulcerative colitis Thes had teimed the method “Medical Ileostom\ ’’ 

’ Foimula employed 
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li> our ]) ilii in J(V) lo 2 0(Ht I < of litiuul fi ( it in iti'u il w is nlil iiiiod d ul\ tlnough tlic 
Mill( r Vldioit ndi( T lu (uIk in is jx rfu tl\ loinforl iblo dunnu tins pciiod ind theio w is 
no rt ruin 111 i oi s\ mptonis of obsiriu lion 1 out d ns ifli i wnlidi i\\ d of tlir tuhc,lio«e\ti , 



lir 1 (Top) 15 mum ciioin 1 , Vpiil 23, 19-18 following conclusion of thci rpi The ileum 
ippe ii^s improved iltiioiigii mukcdb dililcd (lowei aiiow) The involved ascending and 
tr insvcrsc colon has reg lined normal appearance (uppei arrow ) In betw een is the lesidual 
deformiti and m irked consfiicfion in the baich visible cecum (middle ariow) 

Fir 5 (Bottom) Autopsi specimen of cecum, showing mu ked fibrosis and constriction 

sjmptoms leappeaied, necessitating the reinsertion of the tube for another period of foui- 
teeii dins When the tube w is fin ilh withdrawn on jMaicli 8, 1948 there was no further 
clinical obstruction Duiiiig the month in which the patient had lemained on the desciibed 



G52 


A\OODBl,n'i V%D Pinuil’'' 


regimen, he logained 0 jKiunds of the weight he h ul lost He w is then iblc to t ike o high 
cilonclow residue diet without (IifTicuIti indhi \.i>iil27 lh4S his weight hid increised to 
137 pounds, repiescnting i 25 pound weight gun ind llie best weight lie hod been oble to 
ittoin since he Ii id become iiiioplcgic 

In the meontmic, iiiti imusculor streptoini cm theiopi liid been continued with disop- 
peoionce of fe\ei onddiiirhei \.t ccssotionof tliistheiopi the icctol grinulomotous moss 
hod shiunk to 2 cm , iiid i boriuni cnem i perfoimed ot fins time dcnionsti itcd morked im- 
pioiement of tcimiii d ilcum iiid ti iiisveisc colon with letuiii of noiniil mucosol potfeni 
mobihti , Olid flo\ibiliti (figuic 4) The cecum ind iseending colon still showed gross 
chonges with milked stenosis of the lumen inimednteh iboic the cecum to o diimctci 
of 5 mm The stools weie still positive foi tiibciclc bicilli iiid these weie found to be re 
sistont to sf icptonii cm 

The question of surgen nose ot this tune It w is the opinion of thesuigeons tint beenisc 
of the ven recent widcspieod involvement of the colon icseetion (4, 3) of the residuil 
constiicted poitioii would not bo without h i7iid of levctn ition Thc\ ilso felt t hot since 
the potient wos impioniig so icmoikibh on the niedieol legimcn there w is no uigenci 
Olid thot It would lie wise to woit until i definite peiiod of st ibiliti h id been ottoiiied 

The potient continued to iniproie m e\ci\ w i\ until ippioMmoteh tin ce months ifter 
conclusion of the courec of sticptomi cm md nioio Ih in foui months ifter the witlidi iw il 
of the Alillei A-bbott tube On Iiih 20, 104Shc coniploiiied of heidochc It soon bee ime onh 
too obvious tint the potient hod deieloped tubeiculous meningitis The ceiebiospmol 
fluid was under incieosod piessuie, contoined 124 leukoci tes with 00 pei cent hmphoco tes 
ind the volues foi sugoi ond chlorides weie low He went dow nhill \ei\ i ipidh oiid cxpiied 
Vugust 9, 1948 

Gross findings it lutopsi showed the ilcocecol iico to he o miss of cicitnciol tissue m 
which the oppcndiv wos lucorporoted The ileocccol junction wos so constiicted tint it 
would ollow the pissoge of onh o thin piobe (figuic 5) The mucoso of the cecum in this 
ueo wos red, thickened, ond showed severol ellipticol oie is of ulceiotion mcosuring 0 2 to 

0 5 cm in longest diometei The lest of the bowel ond the legionol mesenteiic nodes ap- 
pealed normal 

The lungs, in spite of o ven careful e\onunotion, ie\ oiled meieh o disciete coseocolcifie 
nodule 1 0 im m diameter, ot the e\tieme right ope\, ond o similoi nodule, 0 5 cm m di- 
ameter, in the region of the light hiluin The ti icheobronchiol nodes appealed noimol 

The tonsils weie lemoved ond oppeired normal on gioss exommotion Uiifortunoteh 
the\ were lost befoie the\ could be e\onuned bi micioscopic section The lemoining ob- 
donunol viscera showed no eaidence of tuberculosis Permission foi exommotion of the 
biom could not he obtained Howevei , a poition of the ceivicil oiea of the spinal cord w is 

1 enrol ed 

Micioscopic examination of the lungs w is negatne except foi some patchi oieis of 
atelectasis The spinal cord showed the suboiochnoid space to be filled bi on exudate of 
fibrin, and collections of epithelioid ond cliionic inflommitorx cells mxohong the pio and 
blood vessels The sections fiom the ileocecal legion showed the epitlieliil lining of the 
mucosa to be denuded, with some glanduloi ciipts leniaming The tunica piopno w is 
thickenedbi fibiosis and chronic mflammatori cells The submucoso showed dense fibiosis 
ond chronic inflammation Scatteied thioughout the musculans and seiosa were i nunibei 
of charocteiistic tubercles 

Although tubeiculous enteiocohtis is usually associated with piogiessne, foi odxonced 
pulmonai} tubeiculosis (6, 7), cases of so colled “pumoiy” imohement, wheienooctne 
pulmonaij lesion is piesent, oie desenbed (1, 5, 8, 9) A distmctne feotuie m this cose 
w os that the pi esence of tubeiculosis fiist become manifest thiough the dexelopment of 
acute tubeiculous tonsillitis The late lecogmtion of the enteiocohtis was undoubtedh 
1 elated to the patient’s paioplegia 
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Tins cnse clemonsti ites the lelief of obstuiction ^nd the mnintenance of i patient’s 
nutiition at optimal lea els In the use of “noiisuigieal ileostomj" ” Ba the same means, time 
was 111 ide aa ailable foi maiked lesolution of the undeil 3 nng tubeiculous disease bj' stieji- 
tomjciii I’niethei excision of the ileocecal aiea aaould haae been possible if the patient 
had not subsequentlj dca eloped meningitis aaas not, of couise, answered Fiom the ap- 
pearance of the boaa el at uxtopsa , hoaa ea ci , it aa as behea ed that such suigei} aa ould haa e 
become possible 
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A CASE OF MASSIVE HEMOTHORAX COMPLICATING 
THERAPEUTIC PNEUMOTHORAX 

II M HOLDEN 

(Rcccncd for publicition Mirch 17, 1940) 

REML^^ or LITER VTLRE 

Hemothonx mcl hemopiicumothoi t\ hixe occTsioned much mteiest lecentl) becuise 
of then fieqnent occunence is i lesult of chest injuues leceived duung 'World 'Wir II 
The chief comphcition to be fened x\ts found to be that of fibiothoi-ix T Simpson (1) 
md A F Joins (2), ni then senes of cises, adxise eailv aspnation nid le expansion, the 
lattei authoi h u mg pei foi med thoi acotomy w ith e\ acuation of the clot ind decortication 
in 3S cises to pieient this deielopment 

The spontaneous occunence of hemothoi ix and hemopneumothoi ix is ilso not un- 
usiul Two of the eiihest lepoits weie those of fital hemopneumothoi ax cises described 
in 1900 b3' Rolleston (3) and Pitt (4) In the fonnei, sixt3 ounces of blood weie found 
post moitem m the mtiapleuial space and no souice of hemoiihige could be located In 
the littei, theie weie eight pints of unclotted blood m the pleiiial caMt3 while neai the 
ipex was an emph3'sematous bulla attached to which w is a torn fibious band Howeiei, 
igam no patent i essel could be found Theie w is no ex idence of tiibei culo«is m eithei case 
Duung subsequent 3eais numeious othei cases line been lepoited In 1937, HU 
Hopkins (5) summiiized the hteiatuie concerning hemothoiax, which included 4b cases, 
and added 3 of his own This mcluded 4 patients with aitificial pneumothoiax in whom 
mtiapleuial hemoirhage had occuiied One of the lattei was tint descubed b3 Heise ind 
Kiaus (6) 111 1920 and will be lefeiied to agiin latei E Koiol (7), m his ai tide on hemo- 
pneumothoi i\ and hemoiih igic pleuiis), includes 130 cases, 30 of winch occuiied during 
iitificial pneumothoiax theiap3, but he does not distinguish betw een fiank blood and 
meieb’^ blood-tinged fluid Jones md Gilbeit (8) ilso discuss spout ineous heniopiieumo- 
toi IX and idd a case of then own in xxliieh death occuiied fioiii cnculitoi3 obstuiction, 
autops3’' disclosing a tlnck la3fei of fibini on both lung and pleiii i Theie weie 4,000 cc 
of blood and 750 cc of fiee fibini in the pleui il spice and m nked dilat ition of the mfeiioi 
xena caxa and the lenal and poital xems The ciuse in this case w is in emph3 sematous 
bleb, but the actual site of the hemouhige w is not found 

Subsequent lepoits include thoseof Beiiisteni, Kiosk, and Pii-feomiet (9), A F Jeiiiniigs 
(10), and Pa3m and Lief (11) A case of spontaneous hemopneumothoi i\ was ilso tieited 
it the Kingston Veteians Hospital wath lepeated asiniations ind subsequent le expansion 
of the lung Theie was no exadence of piiench3mal di«ea«e 

Hemothoi IX occinimg duimg the couise of aitificial pneumothoiix must be line 
condition The case descubed b3’' Heise ind Ki lus (C) m 1920 followed the initial lefill 
in a fai adx anted case of tubeiculosis, md the p itieiit died foniteen houi', iftei the onset 
of symptoms Autopsy disclosed 2,000 cc of blood m the pleui il eixity, i sin ill hole ovei- 
l3ing 1 caxit}'" and situated neai a thick idhesion was appiieiitly the site of the bleeding 
X essel, but no actual bleeding point toiild be found The lung it«elf w is ciseoiis thiough- 
out, with numeious caxities I) L :Me3^ei (12) desciibes i case behexed to be i con- 
sequence of damage to the mteicostil xesscls duung i lefill A totil of ibout 2,100 cc of 

1 Fiom the Kingston ^ otei ms Hospitil, Dcpaitmcnt of \ etci ms Vff ms Kingston 
Out irio, Canada 
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blood ucie aspmted (1,700 cc on one occision) fioni the pleuial ci\nty m this case 
Subsequent piogicss \\ is sitisfictoiv and the pneumothoiax was continued Othei than 
this httei lepoit, no cises could be found m the htei ituie of iccent jeais As mentioned 
caihei, H U Hopkins (5) lefei-s to 3 other simihu ciscs and E Koiol (7) to 30 cases, but 
neithei states in lion minj theic n is fiank hemoiihage The lepoits of these cases neie 
not aiailable foi fuithei infoiniation C B Hogg (13) lefem to the punctuie of a laige 
lesscl occuuingduiing aitificiil pneumothoi i\ and P iifitt and Ciombie (14) also desciibe 
a siimhi occult ence, but in neithei cise na? theie the icsultant coniplicition of hemo- 
thoi a\ 


CASh nrronr 

J L , 1 25ieu old c\-pinale, nas idniitted to the Kingston Veterins Ilospitil on 
Febrinn C, 1940 I left sided chest pun of one neck’s duration n is followed bi a gross 
hemoptasis of ippioxini itch 120 cc (ncnti-foui hours pnor to ulmission Plnsical ex- 
amination leiciled no ibnorinalities On i chest loentgenogram i 2 0 cm civiti opposite 
the third nb on the left in the region of the hilum could be seen This contained a fluid lex e! 
The lesion hidbicn less piomincnt but oxeilooked in the dischaigc film t iken J inuaix 0, 
194G Sputum n IS positnc foi leid-fast bacilli on diiect smeir The en thiocx te scdimen- 
t ition rite nas 11 mm in one hour 

Bcciusc of loeiitgenogi iphic exidencc of caxitx closure and tcnipoian “conxersion” 
of sputum, aitificial pucumothorix nas not commenced until Septembci 13, 1946, when a 
sputum specimen of Juh 1946 nas lepoited positne for M tuberculosis folloning eight 
necks’ cultuie Subsequent progiess n is unexentful until the night of Noxomber26, 1946 
Fluoioscopic and roentgeiiogi iphic oxnminilions disclosed i satisfictoix pneumothoi ix 
*V film taken October 30, showed i 50 to 60 pei cent degiee of collapse folloning a lefill ind 
no idliesions were exident (figuio 1) Refills neie being gix'cn it sex'en-dax interx'als ind 
prcssuie icidings nerositisfaclorx , the initial re iding ix eiaging —7—4 and the final icid- 
mg ax'craging —3 —0 cm of water 

On the moining of Xox enibei 26, the usual refill of 600 cc n is gix on The initial leading 
nas —6 —3 and the final —3 —0 in cm of xx itei Fluoioscopic examination rexealed a 70 
pel cent degiee of collapse ind no fluid n is present At about 6pm the same dax , the 
pitient complained of slight tightness in the chest There nas possibh a slightlx gieitei 
degiee of coll ipse but nothing unusual nas noted Vt bedtime theie n is onl> slight dis- 
comfort Vt midnight he beg in to hiccough and slept onlx spoi idicallx A.t 9 i m he nas 
icutelx shoit of bieith, pale, and most disticssed bcciuse of sex ere and constant hiccough- 
ing, which had appaientl^ onlx lecentlx become scx^eie Fluoroscopic examination lexealed 
marked shifting of thelieai t and mediastinum ton aids the light, the collapse non imounted 
to SO to S5 per cent, ind a small amount of fluid obliterated the costophienic angle The 
intrapleuial piessure reading nas greater than the height of the manonietei scale, i c , 
gieatei than 20 cm of natei positixm picssuie Sex en hundred cubic centimeters of iiixxeie 
remox ed and the final leading theieaftei nas — 6-fl Theproceduien isfollonedbx maiked 
relief Foui hours latei the djspnea and hiccoughing letuined and 500 cc of an 
weie aspiiated The initial leading nas -h5 -flO and again the patient nas lehex^ed Sud- 
denlx , about 5pm, maiked shock, palloi, and cxanosis dex^eloped, with profuse sweating 
md tachxcudia N lusea ind xomiting neie also sexmie The dxspnei nas not so nmked 
AS prexuouslx The possibilitx of hemoiihage nas immcdiatelx consideied Phxsical ex 
animation of the chest rexeilcd flitness posterioilx and theie xx is maiked shifting of the 
niediastmuiii to the right, the heart sounds onlx being heard to the light of the sternum 
Di ignostic aspiiatioii xx as pioductix e of blood, the hemoglobin lex el of the pei iplieral blood 
had fallen to 10 Gm pei 100 cc ind i poitable roeiitgenogiam of the chest disclosed the 
fluid lex el to be opposite the sixth doraal x'eitebia The blood pressuie (mm of mercui-j ) 
nas 90 sxstolic, 70 diastolic The clinical exidence of shock rapidlx gien mote sex ere It 
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■nis obvious tint furtiiei heniouhigc wns occuinng nnd tint urgent mcisuies weic ncces 
sary to save his life 



Fig 1 (Upper left) Roentgenogiam of the chest one month befoie missne hcmoirhagc 
into the pneumothoia\ space No adhesion visuahred 

Fig 2 (Upper right) Roentgenogiam of the chest on the dii aftei hemoiihage showing 
fluid level and maiked shift of mediastinal stiuctuies 

Fig 3 (Lower left) Roentgenogiam of the chest five weeks aftei hemoiihage, showing 
complete le expansion of the lung Pleural clouding still evident 

Fig 4 (Low er right) Roentgenogiam of the chest five months after hemoiihage Thoie is 
almost no residual pleural change 

The immediate tieatment consisted of the following pioceduies 

Blood w as obtained from the blood bank, in the meantime, 500 cc of noimil saline were 
administered The patient w as then given four tiansfusions of 400 cc , 300 cc , 425 cc , and 
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400 CO of whole blood (a total of 1,525 cc dunng the night), as well as 100 cc of 10 per cent 
glucose m distilled water At 10 p m a second portable film disclosed no change m the fluid 
level and it was decided that the hemorrhage had probably ceased The clinical condition 
had also improved somewhat, although shock was still quite pronounced Blood pressure 
was 90 sjstohc, 70 diastolic By 11 45 p m , however, there was a distinct improvement and 
the blood pressure was now 106 systolic, 80 diastolic The hemoglobin leiel bad risen to 

12 Gm per 100 cc 

On the following morning, the patient was much better and the hemoglobin level was 

13 5 Gm per 100 cc An aspiration was earned out in the eighth interspace at the midavillary 
line and 1,300 cc of dark red blood were aspirated wuthout difficulty The patient felt more 
comfortable and fihallj became free of nausea and vomiting, so that the intravenous ad- 
ministration of fluids was discontinued The fluid level m the chest remained about the 
same, but the heart sounds could now be heard to the left of the sternum A portable film 
confirmed the shift of the mediastinal structures, and disclosed the fluid level at the height 
of the seventh dorsal \ ertebra as compared with the sixth dorsal vertebra level of the film 
ten hours previously (figure 2) No further blood w as removed then for fear of precipitating 
further hemorrhage 

The patient’s subsequent progress was satisfactory A temporary leukocytosis of 18,000 
cells per cu mm on the day of the hemorrhage had decreased to 10,500 on the next day 
Subsequent leukocyte counts w ere normal The erj throcyte sedimentation rate w as ele- 
vated to 97 mm on December 1, but dropped to 13 mm by December 13 A fever of 100° 
to 102°F persisted for four days Penicillin was administered both intramuscularly and 
intrapleurally 

The results of further aspirations were as follows 


November 27 

1,300 cc 

bloody fluid 

November 28 

600 cc 

blood} fluid 

November 30 

500 cc 

bloody fluid 

December 1 

600 cc 

blood} fluid 

December 2am 

600 CO 

blood} fluid 

December 2pm 

400 cc 

bloody fluid 

December 3 

200 cc 

blood} fluid 

December 5 

150 cc 

dark blood} fluid 

December 7 

150 cc 

dark brown fluid 

December 10 

200 cc 

dark serous fluid 

December 11 

80 cc 

dark serous fluid 

December 14 

0 cc 


December 16 

115 cc 

dark serous fluid 

December 19 

135 CO 

dark serous fluid 

December 21 

100 cc 

dark brown fluid 

December 23 

100 cc 

dark brow n fluid 

December 26 

45 cc 

dark fluid 

December 30 

65 cc 

dark } ellow fluid 

January 3 

0 cc 

Total 

5,340 cc 



The heart and mediastinal structures gradually resumed their normal positions, and the 
lung had undergone full re-e\pansion by Januarj 3, 1947 (figure 3) The residual pleural 
clouding decreased steadily thereafter In the film of April 14, 1947 almost no pleural changes 
can be detected (figure 4), while that of October 16, 1947 reveals obliteration of the costo- 
phrenio angle as the only finding The physical findings on examination of the chest have 
also returned to normal Fluoroscopy disclosed moderate mobility of the left diaphragmatic 
dome, successive sputum examinations have been negative for tubercle bacilli on culture 
and tomographic senes failed to reveal evidence of cavity formation It is therefore to be 
hoped that the onginal parenchymal lesion will remain under control 
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COMMENT 

The possible sources of the hemorrhage m this patient could hai e been the foUowmg 

(1) Puncture of the lung by the pneumotliorav needle This is considered unhkelj as 
there ivas good collapse before the refill 

(8) Injury to the mtercostal vessels as m Me 3 ^er’s (12) case This is considered to be 
unlikely because the dj^spnea preceded the hemorrhage by some hours 

(S) Rupture of a vesicle on the surface of the lung 

(4) Tearing of a vascular adhesion 

It is thought that the last named is tlie most likel 3 ' explanation m spite of the fact that 
no adhesion v as visualized roentgenographicall 3 ’’ In the case descnbed by Heise and Kraus 
(6), autopsy disclosed a hole m a thmned-out area o\ erlymg a cant 3 and situated near a 
thick adhesion which had tom In this case there was no such disease m the lung paien- 
chyma, and the hemorrhage would probabl 3 ' hai e to be attributed to bleedmg from the 
panetal stump of a tom adhesion 

As to treatment of hemothorax, most authorities are m agreement that foUonang the 
penod of actual hemorrhage the blood should be aspirated as soon as possible to prei’ent 
the development of a fibrothorax (1, 2, 5, 6, 7, S, 9, 10) Though blood does not clot m an 
uninfected pleural cavity, the fibrm does settle out and ma 3 ’- leai e a tluck shaggy hvei on 
the surface of both lung and panetal pleura 

Therefore, it was decided that the blood from this patient’s chest should be aspirated 
frequently Also, it was considered that the pneumothorax should be abandoned, as tlie 
danger of the development of unexpandable lung with fibrothorax was felt to be so gieat 
Moreover, the possibiht 3 ’' of the further occurrence of a hemorrhage nhich might be ei en 
more severe could not be excluded Thoracoscopic exammation might have been considered 
but it IS doubtful if it would have served an 3 ’' useful purpose, and the patient’s condition 
hardly warranted the procedure Even m several autopsied cases, no actual bleedmg pomt 
could be defimtely located PemciUm was admimstered, both mtrapleurallv and mtra- 
muscularly, as it was felt that ever 3 '^ precaution against infection should be taken 

SUMMAKY 

The hterature concermng spontaneous hemothorax and hemopneumothorax is renewed 
and a case is reported m which a massive hemothorax occurred durmg the performance of 
a routme pneumothorax refill 


SXJMAEIO 

Gaso dc Hcmoidrax Masiw como Comphcandn del Nexmotdrax Terap6iiiico 

Despu6s de repasar la literatura referente al hemotdrax y el hemoneumotdrax espon- 
tdneos, pres4ntase un caso en el cual cual sobrenno un heniotdrax masivo durante la 
ejecucidn de una reinsuflaci6n cornente del neumotdrax 
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POLYCYTHEMIA SECONDARY TO TUBERCULOSIS OF THE SPLEEN^-* 
Report of a Case and Review of the Literature 
WILLIAM J FITZPATRICK and STEVEN 0 SCHWARTZ 
(Received for publication March 4, 1949) 

An occasional reference is found in the earlier medical bterature to a syndrome char- 
acterized by tuberculosis of the spleen and polycythemia No adequate explanation of 
this relationslup has ever been offered 

Tuberculosis of the spleen is arbitrarily spoken of as primary or secondary Secondary 
tuberculosis of the spleen is quite common and is frequently found in generalized tuber- 
culosis Primary tuberculosis of the spleen (a misnomer by modem concepts of the disease, 
since the spleen cannot be the only or imtial focus of tuberculosis) is a term reserved for 
those cases m uhich the spleen becomes involved by hematogenous spread and m which 
the spiemc focus enlarges and caseates while the other foci either heal or become quiescent 
(5, 8, 12, 18, 38) Under this circumstance the spleen becomes the “primary” site for 
further dissemination In attempting to classify cases of this type, it is often difhcult to 
decide whether the other tuberculous foci are sufficiently qmescent to permit consideration 
of the spleen as the primary or superior site 

Hencw of Literature 

One of the most complete reviews of the subject of primary splenic tuberculosis was 
published by Wintermtz in 1912 (44) Of 51 cases summarized, only one showed tuber- 
culosis confined entii ely to the spleen In 40 per cent there w as pulmonary tuberculosis, in 
57 per cent regional lymph nodes were mvohed, and m 80 per cent the liver also showed 
tuberculosis Si\ty-si\ per cent of those who had tuberculosis of the lungs also had tuber- 
culosis elsewhere In 1924 Magnac (25) published a monograph on pnmary tuberculosis 
of the spleen and collected 19 more cases Shands (37) was able to collect 80 cases of tuber- 
culosis of the spleen up to 1933, and Engiebreth-Holm (10) added 28 more in 1938 More 
cases have been reported singly smce then so that there are now between 100 and ISO 
pubhshed cases in all Calcification of the spleen, found on roentgenographic or post- 
mortem examination is considered to be tuberculous in origin Moorman (29) collected 
29 cases of spiemc tuberculosis with roentgenographic evidence of calcification, but made 
no distinction betw^een primary and secondary types 

Secondary splenic involvement is not rare Klotz (22) found tuberculosis in 172 of 404 
post-mortem exanunations and, of these, 69 had tuberculosis of the spleen Gohn (IS) 
found mv'olvement of the spleen in 55 out of 125 cases, and m a publication of the South 
African Institute of Medical Research (39) 51 per cent of the natives dying of pulmonary 
tuberculosis were reported to have had tuberculosis of the spleen as well Hoyle and Vaizey 
(19) found mvmivement of the spleen m 31 of 110 cases of miliary tuberculosis 

Polycythemia was first descnbed as a definite entity in 1892 by Vaquez (42) In this 
condition, too, primary and secondary types are recognized The diagnosis of "primary” 
or polycjiiheniia “vera” depends on the absence of demonstrable etiology, the presence of 
an elevated erythrocjde, leukocjde, and platelet count, and an mcrease m the blood 

1 From the Hematologj Laboratory and the Hektoen Institute for Medical Research 
of the Cook County Hospital, Chicago, Illinois 

’ Aided by a grant from the Wilson Laboratones, Chicago, Illinois 
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volume In secondary polycythemia the elevated erythrocyte count occurs in response 
to increased oxygen demand In many of the reported cases it is difBcult to determme 
whether the po^mythemia is primary or secondary because of insuflScient data, this bemg 
especially true m cases of the sjmdrome under discussion Furthermore, the division be- 
tween normal and polycjiihemic levels must, at best, be arbitranly set Many of the 
reported cases have erjiihrocjde counts defimtely m the polycythemia range (7 to 11 
million per cu mm ) while others, with pulmonary or miliary tuberculosis and splemc 
mvolvement confirmed by operation or post-mortem exammation, had counts but shghtly 
over 5 0 million per cu mm Even such elevations of the count, however, are unusual 
smce the rule is for anemia to accompany mfections (34, 45), especially such severe ones 
as miliary tuberculosis 

In the sjmdrorae of polycj’themia and tuberculosis of the spleen, the splemc mvolvement 
is not always “primary” but may be part of a generalised tuberculosis In table 1 are 
listed the reported cases of tuberculosis mvolvmg the spleen, both primary and secondary, 
where erythrocyte counts were over 5 0 imlhon per cu mm 

Report of Case 

At the time of her first hospital admission to the CooL County Hospital, on August 19, 
1936, the patient was 23 years old The diagnosis on admission was “blood dysorasia with 
splenic enlargement ” Two years before admission, previous to which she had felt quite 
well, she became ill with “rheumatism,” characterized by pain involving the ankles and 
knees of both feet These joints became so swollen and tender that she was unable to walk, 
but after resting for two w eeks she felt considerably better Subsequently she had occa- 
sional pain in her feet and knees, without swelling A year later she began to have frequent 
sore throats, usually accompanied by fever She was advised to have a tonsillectomy, but 
this was indefinitely postponed because of fever Si\ days before admission she noted the 
gradual onset of pain in the left upper quadrant of the abdomen The pain was aggravated 
by deep inspiration, radiated to the back, and was described as a sensation of “something 
catching under the ribs ” She had no cough, chills, or fever, but had had night sweats 
There was in addition, a history of frequent “boils” under the arms, bleeding from the gums 
following slight trauma, “sinus pains” on the right side, and weight loss During the pre- 
ceding week there was a loss of appetite and almost everything caused dyspepsia 

Physical examination revealed a comfortable Negro female, not acutely ill Her tem- 
perature was 99^ , the blood pressure (in mm of mercuryO w as 136 systolic and 78 diastolic 
The gums bled easily on pressure The tonsils w ere enlarged and red There were no palpable 
lymph nodes The heart was normal The spleen extended approximately 5 0 cm below the 
costal margin, was firm, somewhat tender, and a fnction rub was heard o\er it The Iner 
was not enlarged Serologic tests for syphilis (Wasserman, Kahn) were positive Diph- 
theroid bacilli were cultured from the throat The blood findings were as follows erythro- 
cytes 7 36 million per cu mm , concentration of hemoglobin, 85 per cent (Sahli), total 
leukocytes, 9,700 per eu mm , neutrophils, 66, lymphocytes, 28, monocytes 1, and baso- 
phils 5 per 100 leukocytes On August 25, 1936 the values were ery throcy^tes, 7 20, concen- 
tration of hemoglobin, 110 per cent, total leukocytes, 9,000, neutrophils, 66, lymphocytes 
25, monocytes 5 and eosinophils 4 per 100 cells Roentgenograms of the splenic area failed 
to outline the spleen or reveal any foci of calcification, while those of the chest showed 
bilateral increase in the markings at the hilum Examination of the bone marrow was 
reported as showing no evidence of leukemia 

Shortly after admission the patient’s temperature rose to 100°F but returned rapidly 
to normal and remained so for the rest of her hospital stay On September 2, 1936 she had 
two teeth extracted and bled from the tooth sockets for two days, in spite of packing 
This bleeding finally stopped spontaneously and she w as discharged, feehng considerably 
improved 
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On June 8, 1937, she was again admitted to the hospital because of pain in the left upper 
quadrant of the abdomen and swelling of the ankles accompanied by dyspnea on exertion, 
present for about eight months At first the abdominal pain was sharp in character and 
radiated around to the left side, but for several months it had been intermittent and ac- 
companied by a sensation of fullness in the epigastrium The pain was not relieved by 
sodium bicarbonate and at tunes seemed to be worse after meals During this penod her 
appetite had been poor and she had lost ten pounds in weight For three days preceding 
admission, she had voimted following every meal Her menstrual penods had become quite 
irregular 

Examination revealed dilated conjunctival vessels, gums which bled easily, carious 
teeth, enlarged, red, and cryptic tonsils There was a slight depression of breath sounds over 
the left lung but no rales were heard Examination of the heart revealed no abnormalities 
except for tachycardia A bulge was visible in the left upper quadrant of the abdomen 
which, on palpation, was found to be a firm, tender spleen, the lower pole of which was 5 
cm above the left iliac crest The hver edge was just palpable On the lateral aspects 
of the legs were scattered and tender raised nodules covered with shiny atrophic skin, 
characteristic of erythema nodosum There was a distinct copper hue to the skin, especially 
marked over the nose and malar prominences Examination of the blood on this admission 
revealed the following values erythrocytes, 6 6 million, concentration of hemoglobin, 90 
per cent, total leukocytes, 17,000 per cu mm with 79 polys, 14 lymphocytes, 2 monocytes, 
3 basophils, and 2 eosinophils per 100 leukocytes Platelets w ere abundant in the blood film 
There was a two plus albuminuna The concentrations of sugar and unc acid in the blood 
were 68 and 7 mg per 100 co , respectively Disruption of erythrocytes started at 40 per 
cent and was complete at 30 per cent sahne Agglutinations for typhoid, paratyphoid A 
and B, and melitensis were negative A blood culture was stenle Pelvic examination re- 
vealed nothing abnormal A roentgenogram of the teeth showed multiple retained-root frag- 
ments and abscesses A retrograde pyelogram showed marked rotation and distortion of 
the pelvis of the left kidney and defined the abdominal mass as spleen The bone marrow 
at this time was reported showing proliferation of granulocytes, with no evidence of leu- 
kenua 

On Apnl 19, 1937 the erythrocyte count was 9 15 million per cu mm with 126 per cent 
hemoglobm The mucous membranes were cyanotic and she began oomplaimng of frequent 
vomitmg She was given 0 1 Gm of phenylhj'drazine daily, and during the following week 
1,000 cc of blood were withdrawn The vomiting persisted but the abdominal pain disap- 
peared A small gastne ulcer was demonstrated at this time on the postonor wall of the 
stomach close to and just above the mcisma angulans 

On May 5, 1937 X-ray therapj to the spleen was started On May 26, 1937 it was noted 
that the coppery hue of the skin was gone, the spleen w as palpable only 3 0 cm below the 
costal margin, her appetite was good, and she did not complain of any digestive disturb- 
ances At the time of her discharge from the hospital, she had 6 45 million erythrocytes 
per cu mm , 100 per cent concentration of hemoglobin, and 7,100 leukocytes per cu mm 
She was seen in the outpatient clinic irregularly after this and remained relatively ns 3 Tnp- 
tomatic until November 1938 at which time she suddenly voimted large clots of blood 

She was admitted to another hospital where she was found to have an erj throcyte count 
of 2 0 million per cu mm She received blood transfusions, improved gradually, and was 
discharged feeling well 

On February 9, 1939 she re-entered the hospital with a three-day history of a “cold,” 
cough, frontal headaches, and left upper quadrant pain which was “shooting” in charac- 
ter On the cvemng preceding her admission she again vomited blood She did not have ab- 
dominal pain at the time and had felt fairly well since the last episode of homatemcsis three 
months before She did not appear senously ill, there was tenderness over the frontal sinu- 
ses, the nasal mucous membranes were red and boggj , and the pharj-ngeal mucosa was 
granular and infected, the thjroid gland was palpable There was no significant adonop- 
athj The lung fields were resonant on percussion and the breath sounds in the hilar region 
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vscrc lnr>li Lvnmin ition of tliohc'vrt win normal llie nGdomcn was flat except for Msiblc 
fullneai^ in the left upper quadrant due to tlic firm, nontendor spleen iiluch extended to 
the le\ el of the untluhcu < 1 he li\ cr cdpo, firm ami iiontendcr, i\as p ilpablc 3 0 era bclou 
the npUt eo'tal arch 1 iie deep reflexes were difiicult to obtain 

Duniip the next fi,v\ davs her temperature was conaislcnllj cleanted (102°F being the 
hichrx.t) and she romp! mud of liradaches and temh mess oacr the frontal area On trans- 
illumiintion the frontal and right inaxillara sinu'^cs were dark The right antrum was 
w ^'hed and n ei)”':iderablo amount of jiua was oht lined Her blood findings were erj Uiro- 
e\ tea, -4 SS Uiillion pe-- eu mm , concentrvtion of hemoglobin, 70 per cent, total Icukocj tes, 
ISiCw!) per eu mm , platelets l.SOO.OOO Itocnfpcnographic exanimntion of tlic sloninch and 
rsophai?us failed to re\eal \nnrca or ulcer' The stools contained occult blood The blood 
’.ugar was Ki mg per Uriec and tin nonprotein nitrogen, 30 mg per 100 cc After she had 
bicn in the hospital for alioul two weeks she had nrudden feeling of w eakness and again 
xomited n great quantitx of blood, the amount of which was not measured Following this, 
tht blood pressure dropped to 102 sistolic, GO diastolic, the abdomen remained soft, and 
f’erc w as no c\ idence of ahocl 'Die following daj her crj throcj tc count mas 3 40 million 
with 12 per cent eonconlration of hemoglobin, and the blood pressure had risen to 120 S 3 S- 
tobc, C'S diarlohc F'le was gnen intraaenoua fluids for cc\ oral dajs but continued to be 
nauseated and \omited occasionalh Oncweol- later she again a omited about 1,000 cc of 
blood \fter this the or\ throex tc count xvas 2 05 million and concentration of hemoglobin, 
3S per cent Three da\a, after the hist bleeding eprode, when her temperature was lOl'T , 
she complained of “girdle pania" and tenderness o\ cr the lower nba postcnorlj The spleen 
Ecemed more tender than usiialK ffer era throcj tes had fallen to 1 01 million per eu mm 
A week later her temper iturc w as still ricx ated , she w ns complaining of abdominal pain and 
had n profu'o whitish \aginal discharge in which gram positixc cxlraccllular diplococci 
were found There w as tenderness o\ cr the li\ cr and spleen and in both coslopUrcmc angles 
PcKac examination wiua negatuo A blowing prccordiul sjstolic murmur was now noted, 
but blood cultures and agglutination tests were again ncgatixe The marrow was hjiier- 
ccllularnnd roxcaled changes compatible with stimulation due to blood loss Pam m the left 
chest, aggraxated b\ respiration and radiating to the left shoulder appeared, the spleen 
became more tender, and a diagnosis of pensplcnitis was entertained 

On the fortj sex cnlli hospital daj hcrtilidomen wasnoted to be distended and tjunpanitic, 
there was questionable jaundice, and her temperature xx ns still clexated The icterus index 
was 10, the Van den Berg reaction was ncgatixe direct, positive indirect In the next few 
dax-s fluid began to collect in the abdomen and paracentesis j iclded 1 ,200 cc of cloudj jet- 
low fluid with a specific graxitj of 1 010 A smear was negative for acid-fast bacilli, the test 
for albumin was four plus and there were 200 Icukocj tes and 600 crj throcj'te cells per eu 
mm On the same dax she xomitcd a large amount of blood A roentgenogram of the cheat 
showed a clouding in the left base suggestive of pleural effusion Her erj’throcyte count 
was 2 G2 million per eu mm , hemoglobin conccntation, 50 per cent, total Icukocj tes 8,100, 
per eu mm She xxas gixen 350 cc of blood with no reaction and several daj'S later 250 cc 
more The septic temperature and the xaginal discharge continued unabated She reaccu- 
mulatcd peritoneal fluid, and xxas gixen 500 cc of blood (followed bj a severe chill) The 
next day she had an crj throcj Ic count of 2 84 million with 14 per cent concentration of 
hemoglobin The platelet count xxas 410,000 and the leukocjto count, 14,150 per eu mm 
The rcticulocj'te count was one per cent Three thousand cubic centimeters of yellow 
fluid were wilhdraxxn from the abdomen 

Her course w as steadilj dow nhill She continued to complain of cough and pain over the 
spleen Her temperature often rose to I01°F On txvo other occasions 4,000 and 3,000 cc of 
fluid w ere remov cd from the abdomen The Congo red test revealed 29 per cent retention in 
one hour Her last cry throcj tc count was 5 21 million with 70 per cent hemoglobin The 
platelet and total leukocyte counts were 230,000 and 13,400, respectively She continued to 
grow weaker, became emaciated, and expired 111 days after admission 

At post-mortem examination the peritoneal cavity contained 3,000 cc of jellowish fluid 
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The pentoneal surface was found to be studded ■nith tmy yellowish-grey nodules The 
penaortic and mesenteric lymph nodes were much enlarged The liver weighed 1,200 Gm 
On cut section, a biliary radicle in the right lobe was surrounded bj"' a yellon ish v hite area, 
measunng 3 0 cm in greatest diameter The spleen veighed 1,100 Gm There n as increased 
resistance to cutting and there were several veil-demarcated vedge shaped infarcts In 
the parenchyma, 5 0 cm beneath the capsule, there v as an 8 0 cm circular area of caseation 
The kidneys were grossly normal except for an area of caseation in the region of the lower 
calyx on the left The tubes and ovaries were closely adherent and bound by multiple serosal 
adhesions The heart was essentially normal The right lung and pleural caMty were free 
of gross pathological changes, but the latter contained 1,000 cc of fluid The left pleural 
surface was studded wnth millet-sized nodules and the cavity contained 2,000 cc of fluid 
On cut surface the left upper lobe disclosed a 5 0 cm caseous focus within its parenchjma 
while the left lower lobe wr as the site of extensive caseous pneumonia The left hilar, tracheo- 
bronchial, and mediastinal lymph nodes w ere enlarged and caseous Microscopic examina- 
tion confirmed the presence of disseminated tuberculosis with caseous focal tuberculosis of 
the left upper lobe, tuberculosis of the hilar, mediastinal, and periaortic Ijmph nodes 
There was a generalized tuberculous pentonitis and a tuberculoma of the left kidney 
There was miliary tuberculosis of the Fallopian tubes There was no evudence of an activ e 
peptic ulcer to explain the hematemeses There were, however, moderately large esophageal 
varices but no site of previous rupture could be demonstrated The spleen was made re- 
markable by the absence of the usual splenic histologic findings Only an occasional follicle 
was seen Innumerable sharply defined, widelj -gaping sinusoids engorged with red blood 
cells were evident The trabeculae were prominent and the stroma was densely fibrotic In 
one region a diffuse organizing tuberculous perisplenitis was in evidence There was another 
sharply defined area of tuberculous necrosis in the parenchyma The areas of infarction 
were necrotic and surrounded by leukocytes and a zone of hyperemia 

It was felt that this case represented a childhood type of primary pulmonary tuber- 
culosis with secondary miliary dissemmation and extensive splenic invoh ement 

DISCUSSION 

The tnad of cyanosis, polycythemia, and splenomegaly was suggested by Rosengart (35) 
as being diagnostic of primary tuberculosis of the spleen It is now realized however, that 
this tnad is commonplace in polycythemia rubra vera Abdommal pain, a palpable spleen, 
or both, charactenzed tuberculosis of the spleen in 70 per cent of Winternitz’s (44) cases 
Weakness and loss of weight were also usually present Wintemitz, however, pointed out 
that these cases may have an onset not unlike an acute mfection wuth collapse, fev er, chills, 
backache, and acute chnical course The blood picture is mconstant Blood counts were 
done m 26 of Ins 51 cases, and of these 9 were normal, 11 had anemia, and G had poly- 
cythemia We were able to find 29 additional cases havnng erythrocyte counts over 
5,000,000 per cu mm Fifteen of these were considered to hav e "primary ” tuberculosis of 
the spleen Ten of these, plus our own case, can be considered as having significant poly- 
cythemia Head’s (14) case of polycythemia with splenomegaly cannot be accepted as 
secondary to splenic tuberculosis since the only evidence offered is a positive Mantoux 
test The combmation of tuberculosis, polycythemia, and splenomegaly may be mislcad- 
mg Leon-ICmdberg (21) presented a case with an erythroc 3 de count of S 5 million per 
cu mm , fibrous pulmonary tuberculosis and a splenomegaly, but post-mortem examina- 
tion failed to show any evidence of tuberculosis in the spleen 

Cases 8, 16, and 25 can be accepted on fairly good evidence Zadek’s (46) case (No 25) 
had a tuberculous indocy chtis, pulmonary tuberculosis, and a splenomegaly The patient’s 
first Mantoux test was negative Subsequent counts were lower, the Mantoux test be 
came positive, and wnth chnical improvement the spleen became smaller Maunquand's 
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T\BLE 1 


Summary of liepoTted Cases of Tuberculosis Involving the Spleen (both Primary and 
Secondary) in uhich Total Erythrocyte Counts of over Fiic Million per cu mm IVcre 

Recorded 





RBC 

ncB 

\\BC 

iK 

M 

S 

M 

G 

w a 

«n 

ExrrsT or splevic 
INVOLVXUE hT 

PttESENcr or imtABY 

TUDERCULOSIS 

1 BarUro (l) 



6 S 




no 

Not tinted 

Probable Lesions of kid- 
ney , bladder and spleen 

S. Bajtr (2) 

S3 

M 

G 0 

40% 

7 500 

1 750 
G 

S'ea 

of nmnll conglo- 
tnomto tubertloe 

Unknown Patient rcco\ 
cred after fiploncctomj 
Lungs nnd li\cr not 
grossly involved 

S Brown rial 
(3) 

S( 

M 

5 2 

tr 

1,500 

2 700 

no 

i 

Diffuse small areas of tuber- 
culous nocrosu 

i 

Lungs negativ e but tuber 
cuIo^LS demonstrated m 
aplccn, liver nodes liver 
hilum and ono para 
tracheal node 

Branard M) 

7 

M 

G 0 

S0~o 

8,000 


no 

Not stated 

i 

Probable Lungs involved, 
cervical ndonitis, ascites 

E CommotU 
(0) 

33 

F 

7 5 

80% 

6 000 

2 250 

yw 

"Much scarred " 

Probable "Canes of •pine” 
nnd one email tuberou 
lou9 noduh in liicr 

6 Cojon E) 

S5 

V 

79 

95% 

42,000 


no 

Spleen buRS with larsc nnd 
small tubercles Micro 
Bcopio diffuse caseation 

No Spleen npparontly 
primnr} sito at time of 
nutopsy No miliary tu- 
berclca 

7 Douglas et 
Eisenbrey (9) 

j 

39 

M 

S 8 

! 

120% 

23 000 

1 350 

yoB 

! 

Diffuse small areas of necro 
818 There Tvus one largo 
area of infarction showing 
complete necrosis 

"Ves Lungs Uvor splenio 
bod, diaphragm 

8 Forp^Il 
(probable) (11) 


F 

7 2 

103% 



1 

1 

no 

Calcification noted m spleen 
on roentgenogram 

Unknown Patient nlivo at 
time of report 

9 HejmandE) 

3 


5 GS 

72% 



no 

Two Identical eirod spleens 
and five smaller once in 
volvcd in caseous tuber 
cuIcMb 

Yes Lungs medmatinum, 
and colon 


3 


5 68 

80% 



no 

“Numerous tubercles m 
spleen “ 

Yes Lungs, menmgea, 
hv or, spleen et cetera 


child 


6 C 

84% 



no 

“Extensive tuberculosis of 
Bpl^n up to pea sized tu- 
bercles ” 

Yes Lungs, mediastinum 
lymph nodes, meninges, 
brain, et cetera 


7t 


E 2 

92% 



no 

Notstated— **miliary tuber 
culosis of spleen ” 

Yea 


13t 


C 2 

67% 



no 

Not stated— ‘mihary tu- 
berculosis of spleen “ 

Yea 
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1 nn oLixsiEST 

TUBERCULOSIS 
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to 



10 HickUnfiClG' 



5 1 

1007 

5,30 

0 

3e 

s Splenic tissue almost cn 

Tlcs Roentgcnograpbic 









tirelj replaced by tissue 
showing microscopic fea- 
tures to tuberculosis with 
tj pical focalanangoment 
but Without caseation 

evidence in lungs 

11 JedTvabmk 

49 

M 

20 mil? 

170?: 

5 00 


DO 

Spleen enlarged Numerous 

Yea 

(20) 








miliai^ to pea sized partly 
confluent irregularly out 
lined grej white foci 

T 

12 Lambert et 










Bottin (23) 

53 

r 

5 2 

S0?i 

1 90( 


jes 

Diffuse 

Unknown Patient recov 










ercd after splenectomy 

13 I^derer (24) 

49 

M 

6 7 

140?: 

6 60C 


no 

Capsule studded with pm 

Yes Liver lungs, kidnoj 









head to lentil sized foci 


H MargoUs(26) 

57 

M 

7 00 

110% 

5 SOO 


no 

Spleen \ery large — changes 

Not stated 









apparently diffuae 


15 Alatzdorff 

59 

M 

5 0 

108% 

IS 000 


no 

Diffuse 

■ies Both lungs 

(27) 









10 Maunciuand 










(probable) (28) 

lit 


92 

95% 

5 000 


no 

Not stated Spleen enlarged 

Probable 

17 Moutard 










Jlartm et 
Lefae (30) 

49 

F 

S 20 



1 750 

no 

'Man> caseous nodules ’’ 

Probable (JalciEed nodules 










ID lungs, Uverand mesen 
teric nodes 

18 Fether(31) 



5 64 

so% 

7 500 


no 

Spleen Btudded with nod 

Yes Apices of lungs, brain, 









ules having central casca 
tion 

stem, ladncj's 

19 Rendu ct 










Widal (32) 

40 

M 

6 20 


6 000 

3 780 

no 

Conglomerate tubercles and 

Yes Lungs liver kidnoj-a. 









sclerosis 

pancreas 

20 Rennen (33) 

07 

M 

8 60 

130% 

13 400 

1 900 

no 

Numerous gro> and l^h^to 

■ic? Lungs liver kidney 









caseatmg nodules pm 
bead to pea sued 

nnd bone marrow 

21 Sichs (36) 

58 

M 

11 00 

150% 

25 OOO 

700 

no 

Diffuse miliarj tuberclei 

Yes Ildar nodes 

22 Strebl (40) 

04 

r 

6 5 

120% 

12 000 

000 

>C9 

Numerous large and small 

No TD in other organs 









foci with partial central 
caseation One apple-sited 
wedge-shaped focus 


23 Srcicklik 

39 

r 

7 S 

70% 

5 BOO 

950 

>T3 

Not stated 

Not nutopsled Pulmonsrj 

(4P 









tuberculosis showed on 
roentr*nograni.s 

24 Weil (43) 

o6 

r 

0 50 

90% 

IS 000 

350 

no 

Tubercles visible nac*o- 

Not staled 







1 


scopicallj 

1 


2o /iidek 








1 


(probable)(46) 

31 


6 02 

10% 

8 200* 

1 


no 

bnknown i Probabl-* 


• Gm 
I Mon 
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(2S) case (No 16) was an 11-month-old mfant with ascites, puinlent pleural effusions, 
purulent lymph node abscesses, splenomegaly, and a positive Mantoux text Gumea pig in- 
oculation of matenal fiom the pleural effusion and the abscess revealed tuberculosis 
Forssell’s (11) case (No 8) had a polyc 3 d;hemia and roentgenographic evidence of calcium 
deposits in the spleen 

Polyc 3 'thenua nith pulmonary tubeiculosis is laie Holzberg (17) m 1929 leported the 
case of a 21-yeai-old male who had bilateral active pulmonary tuberculosis with sputum 
positive for tubercle bacilli and characteristic roentgenographic findmgs In spite of re- 
peated massive pulmonai 3 '^ hemoiihages, he mamtamed an eiythrocyte count around 
5 0 million vnth a hemoglobin of 90 to 105 per cent Hayman (15) reported his analysis 
of tuberculosis m children with and without polycythemia and attempted to show that the 
polycythemia was not j elated to the splemc mvolvement, but rather to mihary tuberculous 
im olvement of the lungs If this were the case, however, polyc 3 dihemia should be seen 
much more often than is the case m tuberculosis Theie has, as yet, been no satisfactory 
explanation offered for the coexistence of these two conditions 

hlany feel that the diagnosis of pnmaiy tuberculosis of the spleen is an mdication for 
splenectomy In Winternitz’s (44) senes of 51 patients, 17 had splenectomy performed and 
59 pel cent of these recovered Of the 29 cases m which polycythemia and tuberculosis of 
the spleen coexisted, 7 had splenectomies Of these, 4 patients died In one (9), the erythro- 
C 3 te count was still 8 8 imlhon per cu mm on the runth postoperative day, shortly before 
death In another (40), the count after splenectomy went to 7 2 milbon with hemoglobm 
of 115 per cent, and 27,000 leukocytes per cu mm Of the 3 patients who recovered, there 
was no note of the blood count following surgery m one, but there was roentgenographic 
endence that the miliaiy tuberculosis had cleared five years later In the second, the mitial 
count of 5 2 milhon went down after surgery, but gradually returned to the same count 
after four and one-half montlis In the case of Bayer (2), the postoperative erythroc 3 d« 
count was 6 0 milhon, but one month after surgery the count was 1 32 milhon per cu 
mm From these results it is diflScult to evaluate the effect that splenectomy has on the 
polycythemia, the results being inconsistent and the senes too small 

SUMMART 

1 A leview of the hteratuie disclosed 35 cases of tuberculosis of the spleen and poly- 
C3dhemia, to which another case is added 

2 Splenectomy is the treatment of choice if the diagnosis of primary tuberculosis of 
the spleen can be made Wliat effect this procedure will have on the coexistmg poly- 
cythemia is problematical since the frequency of successful splenectomies m the past is 
too small for evaluation 


smuARio 

Pohcitemia Secundaria a Tvhercitlosts Esplemca Comunicacidn de un Caso y 

Repaso de la Literatvra 

1 Un repaso de la hteratura reveld 35 casos de tuberculosis del bazo y pohcitemia, a 
los cuales se agrega otro caso 

2 La esplenectomfa es el tratamiento de eleccidn, si puede hacerse el diagndstico de 
tuberculosis primana del bazo El efecto de este procednmento sobre la pohcitemia co- 
existente resulta problemdtico poi ser insuficiente para justipreciacidn el niJmero de es- 
plenectomfas acompaiiadas de dxito en el pasado 
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EDITORIAL 

Immunological Aspects of BCG Vaccmation 

There have been endless controversies concerning the dangers and effectne- 
ness of immunization mth the BCG vaccine Surprisingly enough, howeier, 
httle has been said or written concerning the immunological basis and the tech- 
nical problems involved in the preparation of the i accine or the measurement 
of its protective efficacj' Opponents as v ell as proponents of BCG vaccmation 
seem to accept implicitly that the technical proceduies adiocated bj’’ Calmette 
and his associates for gromng the microorganism, preparing suspensions of it, 
and assajung the development of immumt3’', are fundamentally adequate and 
need not be modified except in detail This is a questionable assumption and 
there is much reason to suspect that many of the contro\ ersies elicited bj BCG 
vaccmation cannot be settled until a number of bacteriological and immunologi- 
cal problems have been solved Indeed, it is not unhkel}' that man}’' of the fail- 
ures of vaccmation can be traced to the utilization of defective vaccmes and to 
the lack of techniques for differentiatmg betneen alleig}’’ and protective im- 
mumty 

The BCG vaccme is a suspension of Imng tubercle bacilli obtained from cul- 
tures of a strain so attentuated as to be incapable of causing progressive disease 
m experimental animals It is almost certam that the immumty produced by 
the vaccine is the outcome of a limited but definite multiplication of the attenua- 
ted bacilli m the body of the animal undergoing immunization, chiefly in the 
regional lymph nodes The degree of immumzation probably leflects m a certain 
measure the evdent of this multiphcation It is very likel} , on the otliei hand, 
that the degree of multiplication depends m turn upon at least four independent 
factors (a) the number of hvmg microoigamsms injected, (b) their pli}’Siological 
state, (c) their level of attenuation (or nrulence), (d) the susceptibihty of the 
immunized mdividual 

As far as can be judged from pubhshed axperimental data and from present 
practice, these factors are not } et sufficiently understood to permit cntical and 
quantitative assessment of the properties of the ^accme 

It IS generally recognized that the numbers of nable bacilli in the BCG i ac- 
cmes prepared by standard methods and kept in fluid medium decrease rapid!} , 
even at ice box temperatures, considerable mortabty of the bacilli also occurs 
at the tune of desiccation when attempts are made to presen e the bacilli m the 
dned state Although no adequate quantitatu e bacterial counts have been pub- 
hshed, it is certam that the numbers of ^ lable organisms injected as an immun- 
izing dose under the conditions of present day practice ^ ar} many thousandfold, 
depending upon the ongin of the i accine, the tune elapsed smee its preparation, 
and the conditions under vhich it has been presen ed As measured by direct 
microscopic count or by dr}' weight of bacillar} bodies, the vaccines current!} 
distnbutcd in this countr} and abroad contain from I to 5 bilhon bacterial tolls 
per cc of fluid Viabilit} tests re\cal, howe\er, that only a fraction of a per cent 
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of these cells, at tunes less than 001 per cent, are viable at the tune of injection 
In view of tins fact, the general practice of giving duections in terms of cc or 
mg of vaccme is entirely meanmgless and perhaps dangerously nusleadmg 
since it tells nothing of the number of hinng baciUi per volume or umt weight 

The ability of all bacterial agents to multiply in the animal bod}’-, and the tu- 
bercle baciUus IS no exception, depends not only upon the size of the viable 
infective dose but also upon the physiological state of the bactenal cells at the 
time of injection The conventional techmques used m the cultivation and dis- 
tribution of the BCG vaccme expose the bacilli to such a vanety of chemical 
and physical trauma that any vaccme preparation consists of an unpredictable 
mixture of cells possessmg all degrees of physiological age and actmty It is 
therefore imperative that techniques be worked out to obtam bacterial popula- 
tions of a reasonable degree of homogeneity m order to control their ability to 
multiply %n vivo 

It IS obvious that, in addition to its physiological state, the mtrmsic -virulence 
of a culture is a determmmg factor of the extent to which it multiphes m sus- 
ceptible ammals At least three general levels of mtnnsic -virulence have been 
recogmzed among mammahan tubercle bacilh They are represented by 

(a) the classical -virulent strains capable of causing progressive disease, 

(b) the truly avirulent variants (illustrated by the various Ra cultures isolated at the 
Trudeau laboratory) -which appear completely incapable of multiplying xn vivo, and 

(c) the “attenuated” strains which multiply to a certain extent tn vivo but fail to cause 
progressive disease under normal conditions (such are the BCG strains and the cul- 
ture RIRV isolated at the Trudeau laboratory) 

As far as is kno-wn, aU the strams of BCG presently m use are denved from 
the attenuated culture first obtained by Calmette and Gu6rm Although there 
IS as yet no incontroverted e-vidence that this culture has ever recovered full 
virulence, there is no doubt that it has undergone considerable vanations in 
the course of its long career And mdeed, it would be very surpnsing if it had 
not K A Jensen, for example, has pointed out that the strams available m 
Scandma-via at the end of World War II vaned appreciably -with reference to 
the seventy of the skin lesions which they could ehcit m normal gumea pigs 
Sinularly, it has been observed m our laboratory that three strains of BCG ob- 
tamed from Amencan collections differ sigmficantl}’ m their abihty to produce 
pulmonary lesions in mice following intravenous mjection Here agam, studies 
of the comparative -virulence (or attenuation) of different strams will have 
quantitative meanmg only when the moculation dose is defined m terms more 
significant than the designation of the volume or weight of cultuie used 

It must be remembered also that any statement concemmg the -virulence of a 
culture should be quahfied by specifying not only the species and the breed, but 
also the physiological state of the ammal used for -the test Thus, it has been 
sho-wn at the Saranac laboratory that the strain RIRV (m many lespects diffi- 
cult to differentiate from BCG) causes severe disease m the sihcotic gmnea pig 
but not m normal animals It has also been found m our laboratory that one of 
the BCG strams commonly used for immumzation can cause severe pulmonaiy 



672 


EDITOBIAI, 


disease (and sometimes death) when mjected m sufficient amounts into mice 
maintained on deficient diets Presumably in most studies the physiologic state 
of the animals has not been altered in such a fashion It is possible, however, 
that some of the conflicting reports concerning the virulence of BCG for guinea 
pigs might reflect the presence of differences m the physiologic state of the 
animals used by the vanous investigators 

Any immumzation procedure must be standardized in terms of the specific 
goal for which it is employed It is highly desirable, therefore, that BCG prepa- 
rations be standardized m terms of their abihty to induce immunity against 
tuberculous infection Surprismgly enough, there is as yet no well defined tech- 
nique for such an assay 

hlost tests aimed at evaluating the immunizing efficacy of BCG have been 
earned out by injecting into guinea pigs or cattle amounts of v’^accine far greater 
than those used in human vaccmation In some cases the amounts w ere so great 
(of the order of 10 mg of bacillary bodies per Kg of body v\ eight) that a definite 
degree of immunity could have been achieved mth the same n eight of bacilli 
lolled by heat Needless to say. Immunization tests carried out under such con- 
ditions do not leflect the immumzing efficacy of the vaccine as used for immuni- 
zation of humans 

Of extreme importance also is the technique employed in the challenge in- 
fection used to assay the resistance of the immunized animal Wflien tuberclo 
bacilli are mjected intramuscularly or subcutaneously into immunized guinea 
pigs, they elicit the complex allergic reaction familiarly known as the Koch 
phenomenon One of the results of the Koch phenomenon is that a large percent- 
age of the bacilli are ejected from the tissues as soon as the lesion elicited by the 
allergic reaction begins to ulcerate As this reaction does not take place in normal 
animals, it follows that the immunized guinea pig is subjected in fact to an in- 
fective dose of bacilli smaller than that w’hich invades the tissues of the non- 
immunized controls 

For lack of quantitative information, it is not possible to evaluate the effect of 
this discharge or walling off of bacilli at the site of the ulcer on the greater resist- 
ance to artificial infection exhibited by vaccinated guinea pigs It appears cer- 
tain, however, that the importance of this effect is not small, as any decrease 
in the size of the infective dose markcdlj'- increases the survnval time of the 
animals Thus, m certain cases, the apparent immunity of guinea pigs following 
BCG vaccination might be nothing but a sort of immunological artifact result- 
ing irom the loss of a significant fraction of the inoculum 

It IS possible that the shedding or walling off by the vaccinated guinea pigs 
of some of the bacilli injected intramuscularlj or subcutaneously has its counter- 
part in human infection But, ev cn then, it is probable that many of the bacilli 
are distributed throughout the human tissues instead of being discharged out- 
side the body Thus, the Koch phenomenon, which probably results in some 
protection of the v accinated guinea pigs against artificial infection, maj fail to 
hav e a corresponding protectn e effect under the usual conditions of the human 
disease Fortunatelv, there are man> facts which suggest the existence of an 
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antituberculous immunity completely independent m its mechanism from tu- 
berculin allergy Much additional work is therefore required toward the formu- 
lation of techniques for evaluating the effectiveness of BCG as an immunizing 
agent under conditions that would reflect the processes at work m the human 
body 

In the final analysis the usefulness of BCG immunization must be measured 
by its ability to protect human beings and cattle against tuberculous infection 
Field trials m cattle have been so unconvincing that the technique has never 
achieved widespread application m veterinary medicine There are, however, 
a few studies on record which appear to prove that, m selected situations and 
when the immunization tests are carried out voth sufficient care, it is possible 
to achieve with BCG vaccination a significant degree of immunity in human 
populations There are also, on the other hand, many records of failure It has 
been argued that these failures v ere due to faulty immunization procedures but 
there is no w’^ay to prove or disprove this contention because there is no method, 
short of infection, to measure protective immunity 

The development of a positive tuberculin test is universally used as a criterion 
that the vaccine has “taken” but, unfortunately, as already pointed out, the 
relation of tuberculin allergy to immunity is one of the most obscure aspects of 
the pathogenesis of tuberculosis It is possible to render animals tuberculin 
positive by injecting dead tubercle bacilli into them without increasing thereby 
their resistance to infection It is well possible that under certain conditions 
injection of BCG may also bring about a state of allergy without inducing im- 
munity So important is the necessity to differentiate between allergy and im- 
munity that it may be useful to illustrate the difference by examples talcen from 
two other bacterial infections 

The use by Pasteur of living attenuated cultures for immunization against 
anthrax (the first forerunner of BCG immunization) resulted in spectacular pro- 
tection of animals provided the challenge infective dose was given mthm a fairly 
short period of time after vaccination Pasteur himself, however, soon recog- 
nized that the immunity was only transient and he advised that the vaccination 
be repeated every year, preferably just before the beginning of the anthrax 
season Nevertheless, it is now kno^vn that long after vaccination has lost its 
protective effect against infection there are still present m the vaccinated ani- 
mal antibodies, some of which are capable of giving rise to allergic reactions, 
which bear no relation whatever to immunity To look for these anthrax anti- 
bodies would give no information as to the resistance of the animal to anthrax 
infection 

The extensive knowledge of the immunochemical reactions involved m strep- 
tococcal diseases affords also a striking example of dissociation between immumty 
and allergy Infections caused by human streptococci of group A bring about a 
state of tuberculin-hke allergy to the streptococcal “nucleoprotein” fraction 
It has been demonstrated beyond doubt that, far from resulting in any increased 
resistance to streptococcus disease, this allergy may be the cause of severe patho- 
logic lesions On the other hand, a highly effective and type-specific resistance 
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to infection is elicited bj’’ an antibod3' specificalty directed against an cntirelj' 
diflferent streptococcal protein, the so-called hi substance It has been thor- 
oughlj' estabhshed that the state of alleigj’ to the “nucleopiotem” and the 
immune resistance due to the M antibodj’ are complcteb^ independent one fiom 
the other Follomng natural infection or immunization, both allergj and resist- 
ance may coe'ast oi onlj' one may be present, depending upon certain im- 
munological conditions that need not be discussed lieie Thus, a tost densed to 
measure streptococcal allergj’’ does not measure resistance to streptococcus in- 
fection and, bj’' analog!', the tuberculin test does not necessanlj reflect immunit j 
to tuberculosis 

It must not be forgotten, moreover, that the response of an individual to an 
immumzmg procedure is greatly affected bj' his ph3 siological state It is e\en 
conceivable that many of the classes of human beings vho are most dangerousl3' 
exposed to tuberculosis (for example those hung under conditions of great 
economic stress, mth madequate food supphes) may be those least capable of 
responding satisfactorily to immumzation proceduies For all these reasons, 
it IS urgent that techmques be de\ eloped for the measurement of true immumty 
(not tubercuhn allerg3'’) in order that the BCG immunization programs can be 
intelhgently controlled 

Unfortunatel3', xve are still in complete ignorance of the immunological 
mechamsms, humoral or cellular, -nhich bnng about immunit3 to tuberculosis 
It IS not yet possible, therefore, to dense any laboratoi'3 test that iiould control 
the effectiveness of BCG vaccination Nevertheless, BCG is the onl} immumzmg 
agent for -which there is enough experience to arrant administration to human 
bemgs, and the urgenc3' of the practical problems of tuberculosis ma3' compel 
its use even though so much is ignored of its immunological properties 

The adnsabiht3' of undertalung a BCG immumzation program in an}' gi\en 
community has to be decided on the basis of man} clinical, epidemiological, 
and social factors which do not come within the pro\ ince of the present discus- 
sion But ivhat we have tned to emphasize is that BCG immunization, like an} 
other pubhc health measure, must satisfy a number of mimmal requirements 
of dependability, predictabilit} , and evaluation of efficac} It is because these 
requirements were ignored that most of the vaccines and sera introduced into 
medical practice in the past have now been complctel} discredited It is to be 
feaicd that the same fate will happen to BCG, unless steps arc taken soon to leant 
to control the factors which determine the efficacy of immunological procedures, 
namel} the cffcctiv e size of the immunizing dose, the antigenic potenc} of the 
V nccine, and the response of the immunized indiv idual in terms of protcctiv e 
immunity The analysis of these factors and the development of techniques 
h} which they can be quantitative!} evaluated come within the range of the 
classical approach to bactenological and immunological problems and would 
seem to bo the responsibilit} of those who advocate the widespread use of BCG 
as an immunizing agent 
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Giiai\iin IIv UTnii uc. The AcJimcmcni’t of BCG Vacanaiwn Pp 270 I fohnn 
Gntudl Tanum Forlaf}, Odo, Xoniay, lO'iS 

In •-pile of Ihr Hcl thnt BCG is licing ujclcly used lliroiiphouf Ihc ■v\oi]d nl the 
prt=^cnt time in in itlompl to immuniro against tuberculosis, the subject of its 
use 15 still Inpbh tontruxcrsnl 

It IS genenlh ncn'id tliat i urent deal is still to be learned concerning the 
degree of immumtv the \accin'ilion confers, the stabihration of its potcuc\, the 
optimum method of use the ojitimum dosage, the duration of the lmmunlt^ con- 
ferred, and idcfiuatc means of testing the duration of immunita 
Studies \\hich Mill idd to oui information on ana of these oi lehted subjects 
concerning BCG are being aw iitod with the greatest interest 
In Achnrmcut't of BCG Vacaitahon by Gcrhardt Ilcrtzberg, a great mass of 
valuable information is collected and illustrated bj”^ material from the Tubenu- 
losis Department of the Oslo Public Health Sciaice 
Inacstigatioiis on die influence of sc\, age, and dose, as well as studies on the 
aarulcncc of BCG and on the size of the locil leaction, are pi-esentcd with sta- 
tistical anah'ses Other studies presented include those on the size of the local 
reaction and its lelation to the dc\ clopment of tuberculin sensitn ity, the duration 
of the tuberculin allcrg\ following aaccmation, the possibility of ill effects fol- 
lowing \accination, and the results of aarious inaestigations throughout the 
w-orld on tuberculosis morbidita and mortahtj following vaccination watb BCG, 
with special reference to the results obtained by the Tuberculosis Department 
of the Oslo Public Health Sen ice 

Tlic difficulties of conducting a BCG program on a pubhc health basis, where 
^acclnatlon and follow-up arc cntirclj'^ on a a oluntarj*^ basis are clearly presented 
As an e.\amplc, it was hoped that all BCG-vaccinated persons could be tuber- 
cuhn tested and c\amincd rocntgcnograplucally one year after vaccination but, 
in spite of all attempts to return them to the chmes, there remamed an extremely 
high percentage of absentees With our present indefimte Icnow ledge of BCG 
acti\uty, the tubercuhn test at the end of the year seems most necessary for, if 
the test has reverted to negative, rcvaccination is ad\nsed 
A section of the book is devoted to information obtained on the duration of 
tubercuhn sensitn it> followang the BCG inoculation by vanous methods em- 
ploy ed The results of these studies arc of great interest, for they show that the 
duration of the \ accination allcrgj'^ is not a constant factor but is influenced by 
the degree of tuberculin sensitivity following BCG vaccination Regardless of 
method of \ accination, the greater the tuberculin sensitivity followung vaccina- 
tion, the longer the duration of tubercuhn allergj’’ 

A further finding was that the duration of tuberculin alleigy was longer fol- 
lowing intracutaneoiis inoculation than w’hcn the multiple pimctuie method of 
Rosenthal was used 

Among the interesting sections in the book is one dealing with the Mrulence 
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of the vaccine It is pointed out that “Calmette’s original claim that he had suc- 
ceeded in convertmg the BCG strains into a virus fixe is no longer upheld by 
authorities on BCG ” Endence is presented shovung that the ^ irulence of the 
vaccine may declme to such a degree that it provokes no tuberculin reaction On 
the other hand, Jensen is quoted as statmg that “if the strain becomes too nr- 
ulent, abscesses develop vuth alaiming effect ” According to Jensen, the most 
sensitive criteria Icnovm for determining the \ irulence of a gnen ^acclne are the 
size of the local reaction, the frequency of development of tuberculin sensitn ity 
after vaccination, and the degree of tuberculm sensitn ity on re-exammation tv o 
months after vaccination 

Hov ever, in spite of the fact that at times a certain increase in ^^rulence of 
the vaccine occurs it must be added that there is no evidence that it has at 
any time created any greater hazard than the production of local lesion ab- 
scesses As a matter of fact, the more frequent difficulty has been a diminution 
in the \nrulence of the vaccine This problem, v Inch has been discussed in the 
United States, is of practical importance The vaccine, as used, is an emulsion 
of BCG in suspension in vhich there may be great i ariations per unit of \ olume 
in the total number and in the relative numbers of li\ mg, damaged, and dead 
BCG organisms It is difficult, therefore, to have full dependence on a \accine 
suspension v here the potencj' is much higher on the second or third daj s than 
on the eighth or ninth days after preparation 

The matenal presented seems to give no support for the assumptions that BCG 
•vaccination is harmful in the pre-allergic stage or that natural tuberculosis infec- 
tion in the incubation period of BCG vaccination is dangerous However, it is 
emphasized that, as far as can be ascertained, BCG vaccination does not afford 
an}' protection against tuberculosis when natural infection occurs before com- 
plete vaccination allerg}' has been achieved 

In any publication of the subject of BCG the greatest interest lies m the sec- 
tion dealing with the efficacy of the vaccine m the proph}la\is against tuber- 
culosis 

Before presenting the results of their own investigations, a summar} is made 
of certain other studies reported from various countries These arc the same studies 
which have so often been presented and cnlicizcd in discussions on the cflicac} 
of BCG 

In some studies the value of the vaccine is claimed on basis of a reduction m 
tuberculosis morbidit} m the v acemated cases But since the BCG inoculation 
is the pnmar}' tuberculosis focus, one should not expect the benign exudative 
pulmonar} process m exposed vaccinated cases while expecting a certain number 
among the controls 

Studies arc presented entire!} lacking m controls Among these is the studv of 
Wallgrcn m Gothenberg “where practicall} no control maten"! was available ’’ 

In this citv where, with ver} few exceptions, all infants exposed to tuberculosis 
were vaccinated wath BCG, the fill m tuberculosis mortalitv dropped m a si\- 
vear period from 400 to 30 per 100,000 for infants, whereas the gencr"! tubercu- 
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losis moi-tality dropped from 200 to only 100 per 100,000 in the same period of 
time 

These figures appear of great sigmficance by themselves but when a compari- 
son IS made with the figures from New York City, where BCG was not used, the 
impoitance becomes less pronounced 

In New York City with a population that includes over 600,000 Negroes, the 
tuberculosis mortality in children under the age of 15 years has dropped 94% 
since 1915 In that 3’’ear the tuberculosis mortality was 81 per 100,000, whereas 
m 1947 it V as only 5 per 100,000, a significant reduction 
The carefully controlled studies on BCG m New York City, where very little 
difference in the tuberculosis mortality was found between vaccinated and con- 
trol cases, are criticized on the ground that the children were m many instances 
permitted to return to a tuberculous environment immediately after vaccination 
On the other hand, the favorable studies of Aronson are praised although his 
cases were not selected by alternation, as had been carried out in New York 
Citj'', and in spite of the fact that no separation was attempted or carried out 
Among the studies presented in the book is one that deserves special attention 
This IS a report by Hyge of 200 girls between the ages of 12 and 18 years who 
■were exposed to a tuberculous teacher in a school m Denmark One hundred and 
SLx of the girls had received BCG whereas 94 were tuberculin-negative but had 
not been vaccinated 

Of the 106 girls who w'ere vaccinated with BCG and w^ho w'ere exposed, 2 de- 
veloped pulmonaiy tuberculosis within three years requiring pneumothorax 
treatment On the other hand, of the 94 girls not vaccinated, 79 became tuber- 
culin-sensitive, among whom 41 developed pulmonaiy tuberculosis (37 with 
tubercle bacilli found on gastiic lavage) After three years, one had died of tu- 
berculosis and 5 were undergoing pneumothorax 
This report would seem to give support to the impression that the pulmonary 
infiltration of primary tuberculosis is much more likely to become progressive 
and advance to caseation in the adolescent than in the young child If this is 
true, then vaccination with BCG, which places the primary focus at the point 
of inoculation, would be most valuable since it is extrapulmonary 
Of greatest interest to the reader is the report of the studies conducted m Oslo 
by the Public Health Service under the supervision of the author himself. Doctor 
Hertzberg Wliat scientific standards of mvestigation were laid dovm and what 
efforts were made to obtain adequate controls, controls which could be truly 
comparable to the mdividual vaccinated? 

On page 30 one comes across an amazing statement, “The mam qualifications 
for inclusion in the control material is the evidence (in our records) of recent 
infection with tuberculosis m persons who had earlier been tuberculin negative ” 
In other words, every individual vaccinated wath BCG gave no evidence of 
having been infected wath tubercle bacilh, while every control was already in- 
fected with tubercle bacilh “No one is vaccmated with BCG unless he is Man- 
toux-negative to 1 0 mg of Old Tuberculm ” 
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Such expel imental methods immediately destro 3 ’’ anj’ value to be obtained 
from a study of tuberculous mortality statistics 
Needless to saj’' the tuberculosis mortahty m the control groups is \ery much 
greater than that of the vaccmated group, a ratio of 45 to one 
It IS indeed unfortunate that m this volume prepared under the supervision of 
st itisticians one can gam no further information as to the efBcacv of BCG 
However, theie is a great deal to be found concermng the side effects of BCG, 
such as local reaction and its relation to duration of tuberculin sensitmtj , dis- 
cussions concemmg the potency and vnrulence of the \accme, and studies on 
supennfection after loss of vaccmation allergy An excellent bibhographj’- is also 
included 

Miltox I Levine 
NEW voRK cm 

CxRii MjvLviBERG 1^0 Million Palicnis Pp xii 84^ Rcynal ci Hitchcock, 
New York, 1947 Paper Price S2 75 

Tins book emphasizes some defects m Amencan medicme toda}" Its subtitle, 
The Rcieabng Facts Behind Health and Medical Care in America, is misleading, 
and might better read Some Revealing Facts Behind Health and Medical Care in 
America, for the author deals in considerable detail with manj* medical defects, 
whereas he passes over the excellencies of Amencan medicine in glittering gener- 
alities However, his data arc worth}- of consideration, for he bnngs out man} 
points all too often ignored by medical men 
The author, w e are told, has been a public relations adv isor, information spe- 
cialist for the Umted States Public Health Semce, and Chief Im estigator for 
the United States Senate Subcommittee on Health and Education 
In his first clmpter. Health Inventory — U S A , he attaclcsthc often heard idea 
that the United States is the healthiest country in the world by quoting what 
would seem to be reasonably vahd statistics compiled by the Department of 
Commerce, Bureau of the Census He shown that m 1938, considered the last 
normal pre-war }ear, 7 countries showed a lower crude infant mortality rate in 
tho=c under one } car old per thousand liv c births, Iceland showang the low cst 
As to maternal mortahty per thousand live births, 21 countries showed lower 
ciiidc rates, Japan hav'ing the lowest IMiat corrected rates would show, we do 
not know Wliilc the tuberculosis death rate between 1920 and 193G decreased in 
the Umtoil States 51 2 per cent, five countnes shov ed an even greater percent- 
age decrease, the Netherlands leading with a decrease of GO 0 per cent 
In The Co'^t of tSiclmc’!^, expensive proprictar}* dnigs as well as patent medi- 
cines ire proper!} scored Rebates to pln^icians on high charges for the rental 
of ox-v'go'i equipment to patients and on prescnptions for cvcglasses are justL 
condemned The economic waste of competing costly equipment owned b} indi- 
\ idiials IS dis( u^sfxl Blatant quacken and voodooism arc mentioned 
How Goofl IS \vimran Medical Care’’ lists manv examples of medical incom- 
petear- and incffif n'm v , l>oth individual and institutional llic incquaht} of di® 
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Inbution of medical taro is also discussed Unnecessary' opeialions aie pioporly 
castigated Even tlie free clinics of Washington, D C are a target for the au- 
thor A quotation said to be aerbatim fiom certain testimony before the Senate 
Ckimraittce on Education and Labor, if correct and not tom from its context so 
as to distort its meaning, seems •\\orth quoting in part 

Sc'jin'or Pepper “Do \ou tliink the ^menenn people ha\c all been well?” 

Dr S “Yes, I know that they have ” 

State sen ice for ciipplcd children is dcsencdlj praised 

Mr ^lalmbcrg favors President Truman’s fiyefold program, t\hich includes 

1 federal financial aid to build hospitals, health centers, et cetera, 

2 federal aid in expanding public health and maternal and child health 
scmces, 

3 federal aid to train doctors and licalth y\orkers and foi medical research, 

1 incorporation of health insurance in our social security sj'stem, 

o cash insurance protection against loss of earnings from sickness or dis- 
ability 

I^Ir ^falmberg, admitting that item 4 is the most controveisial one, believes 
that item 1 depend^: on it, for it would be of little use to biuld hospitals that 
people could not afford to use 

Voluntary Plans, Too TaUIc and Too Late attacks the ultraconservatism of the 
A ]\I A , which seems at times to haxc followed, rathei than led, the movement 
for better medical sen ice to the underprmleged and isolated Often Negroes 
are excluded from x oluntarj' insurance plans 

The final chapter, l/jO Million Patients Can't Be Wrong, expresses the idea 
that the people of the United States, t c , the potential patients, will determine 
the tjTie of the medical practice of the future The chapter title is a half-truth, 
for a large number of the 140 rmlhon patients consume an incredible amount 
of useless or worse patent medicine, as Mr Malmbeig adimts We wonder if the 
X olume of w ork, expressed in financial terms oi in the number of patients, of the 
best chmes in the countiy can equal that of the most notorious patent medicine 
businesses The latter gives exudence that a vast numbei of the 140 milhon pa- 
tients can be wrong 

The book is an able argument for sociahzed medicine, but ignores the argu- 
ments agamst it, such as the destruction of the w'lll to get w ell, et cetera Space 
forbids the presentation of the othei side With about 180,000 doctors m the 
United States and xvith human nature as falhble as it is, there must be numer- 
ous cases of mcompetence or neglect under any system of practice, mdividual 
or sociahzed Very few physicians w'ant completely sociahzed medicine None 
want to assume individual care of all the insane Most of us xvant a great in- 
crease in both the quahty and quantity of the care of mental patients by' the 
state and of many other clironic cripples unable to caie for themselves Howex'ei, 
w'hatever our views on the degree of sociahzation of medicme that is desirable, 
we w'ould be worse than foohsh to deny the existence of defects m our present 
day methods We must face them and constantly' strive to eradicate them and 
build constructively for a better futuie 
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If Mr Malmberg proves to be a Socratic gadfly that stmgs us into a realiza- 
tion of our deficiencies, he %vill peiform a useful task The combined sincere 
thought of conscientious, balanced, enlightened people, in and out of the medi- 
cal profession, may serve as a Socratic midwife to determine which of the au- 
thor’s ideas are true births and which are e\pulsions of wind We do not think 
that any enlightened person can condemn the book as all wind Rather we be- 
lieve that it contains much truth, some error, and xl certainly fails to present the 
essential weaknesses in socialized medicine It is a good antidote for ultraconser- 
vatism in medicine, but might well be published m a single volume along with as 
frank a discussion of the evils of socialized medicine as the author gives of the 
evils of a system based on rugged mdividualism or a too slavish adherence to 
tradition 

Frederick R Taylor 

HIGH POINT, N C 



AMERICAN TRUDEAU SOCIETY 
Medical Section of the National Tuberculosis Association 

STATEMENT ON BCG 

(RcMSod statement submitted to the ATS Committee on Medical 
Research and Thernpj in Detroit, April 30, 1919, by Dr E P K 
Fenger, Oak Terrace, Minnesota, chairman of the Subcommittee 
on Immunology , and subsequently submitted to the ATS Council 
at its meeting in Detroit on May 1, 1949, through Dr H McLeod 
Riggins, chairman of the Committee on Medical Research and 
Therapy The statement ns revised yyas adopted by the Council ) 

Tho members of the Society and other physicians in the United States have been 
mterested for many jears m the actuc immunization against tuberculosis yyith BCG 
The expansion of public health actmties m the field of tuberculosis contiol by official 
and voluntarj’^ agencies and the acquisition of neiv knowledge concerning immunity m 
tuberculosis have prompted the Amcncan Trudeau Society to malv.e the followung obser- 
vations and recommendations 

I BCG y accine prepared under acceptable conditions, and administered by approved 
techmqucs to persons negatu e to tubercuhn, can be considered harmless 
11 The degree of protection recorded folloviing vaccination is by no means complete, 
nor IS the duration of induced relative immunity permanent or predictable The 
need for further basic research on the problem of artificial immunization against 
tuberculosis is recogmzed and is to bo emphasized Studies should be directed 
toyy ard 

(a) improvement of the immunizing agent, 

(b) development of entena for vaccination and revaccmation, 

(c) more accurate determination of which groups m the general population should 
be vaccinated, several veil controlled studies are underway at the present time, 

(d) promotion of carefullj controlled investigative programs, which, as a rule, 
will be earned out best under the auspices of official agencies such as the 
Pubhc Health Service, state and mumcipal health departments, and other 
especially quahfied groups, 

(e) devising of adequate record systems for management of statistical problems 
invmlved m recording and following large numbers of vaccinated people 

III On the basis of studies reported m the literature, an appreciable reduction in the 
incidence of clmical tuberculosis may be anticipated vhen certain groups of people 
who are likely to develop tuberculosis because of unusual exposure, mferior re- 
sistance, or both, are vaccinated 

(a) In the light of present knowledge, vaccination of the following more vulnerable 
groups IS recommended, provided they do not react to adequate tuberculm 
tests 

1 doctors, medical students, and nurses who are exposed to tuberculosis, 

2 all hospital and laboratory personnel whose work exposes them to contact 
with the bacillus of tuberculosis, 

3 individuals who are unavoidably exposed to mfectious tuberculosis m the 
home. 
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4 patients and emplojees in mental hospitals, pnsons, and other custodial 
institutions m whom the incidence of tuberculosis is known to be high, 

5 children and certam adults considered to have infenor resistance and hnng 
m commimities in which the tuberculosis mortahty rate is unusually high 

IV It IS recommended that efforts be contmued to perfect and to meet m practice suit- 
able standards for the production of BCG vaccme and that, when practicable, com- 
mercial films be hcensed under the National Institutes of Health to produce this 
vaccme 

V The Society beheies that, smce BCG laccination affords onlj’^ mcomplete rather 
than absolute protection, the most effective methods of controllmg tuberculosis 
m the general population are 

(a) furthei improiement of hiang conditions and the geneial health, 

(b) reduction of tuberculous infection, which can be accomphshed bj modem 
pubhc health methods and the unremittmg search among presumablj liealth3' in- 
dividuals for patients wath mfectious tuberculosis, 

(c) prompt and adequate medical and surgical treatment of patients with aetne 
disease, 

(d) segregation and custodial caie of those not amenable to accepted forois of 
therapj% 

(e) adequate reliabihtation 

VI It IS to be emphasized that BCG i accmation must not be legarded as a substitute 
for approved hygiemc measures oi for pubhc health practices designed to pre\ ent 
or minimize tuberculous infection and disease Vaccmation should be regarded as 
only one of many procedures to be used m tuberculosis control 
VII Expansion of modern diagnostic, therapeutic, and rehabilitation facihties is required 
at this tune to make full use of these new methods which can accomplish further 
dramatic reduction of tuberculosis moitahty and moibidity rates in the Hinted 
States 
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CuNicAL Studies, Tubehculosis 

Avian Tuberculosis — ^Up to 1938, there 
were 13 proved cases of avian tuberculosis in 
man, 24 others were reported but in them the 
proof IS regarded as insufficient Adequate 
proof consists of thorough pathogenicity 
tests usmg hens, rabbits, and gumea pigs In 
Denmark smce 1935, avian tubercle bacilh 
givmg characteristic pathogemcity reactions 
have been cultured from 6 human cases 
Four of the patients had lymphademtis and 
one each had pulmonary and memngeal tu- 
berculosis In 2 cases, cutaneous tests made 
with avian tuberculm yielded positive results 
to 0 00002 mg — Avtan tuberculosis in man, 
I Gragskd, Lancet, July 16, 1949, 1 ISS — 
(A G Cohen) 

Congenital Tuberculosis — ^In congenital 
tuberculosis the infection reaches the fetus 
either via the umbihcal vein or from infected 
ammotic fluid The second mode of mfection 
occurs through ingestion of such flmd by the 
fetus, m which case the primary seat of the 
disease is the mtestinal tract mth resultant 
enlargement of the mesentenc and porta 
hepatis glands Some investigators have 
maintained that an infection from ammotic 
flmd may be caused by aspiration, this vnew 
is doubted by othei-s, there being no definite 
proof that ammotic fluid enters the lungs A 
case of proved congemtal tuberculosis oc- 
curred in an infant who appeared normal at 
birth and weighed 8 pounds The mother was 
a 31-3'ear-old woman with bilateral pulmonary 
tuberculosis On the twenty-second daj’’ after 
birth the child began to take his feedmgs 
poorlj , he died on the thiitieth daj Autopsy 
revealed a generalized, disseminated tubercu- 


losis, prmcipally of the glands m the hilum of 
the hver The mother died three weeks post 
partum Autopsy demonstrated a dissemi- 
nated tuberculosis particularly of the peri- 
toneum, ovanan tubes, and lungs It is be- 
hoved that the mfant had a congemtal 
tuberculous infection because (f) the child’s 
evtrauterme life was similar to others re- 
ported, (2) his tuberculous lesions were com- 
mensurate in size and distribution with those 
followmg mtrautenne infection, (S) the mo- 
ther had active gemtal tuberculosis, (4) the 
child was immediately removed from contact 
with the mother and there was found no sub- 
sequent source of tuberculous infection among 
the attendmg staff — A case of congenital 
tuberculosis J W Jordan d, H Spencer, 
Bnt M J , February 6, 1949, No 4596 
217— {R W Clarke) 

Lupus and Bone Tuberculosis — Thirty- 
three patients with lupus were subjected to 
routine roentgenographic evammation of the 
entire skeletal system Of these patients, 8 had 
active bone tuberculosis, 8 others were known 
to have had bone tuberculosis in the past but 
it had healed In addition to these known 
lesions, roentgenograms revealed latent os- 
seous foci m 20 cases (60 6 per cent) A total of 
46 unsuspected bony lesions were discovered 
The involvement usually appeared as a cn- 
cumscribed round or oval area of consolida- 
tion m the bony substance, the sizes most fre- 
quently encountered w ere 3 by 5 mm and 4 bj 
6 lyiTu These lesions are considered to be of 
tuberculous etiology —Latent bone imohe- 
ment m patients with lupus (a preliminary re- 
port) {Russian), I N Gnnchar, Probl tuberJ , 
Noiember-Deccmber 194S 32 — (T Lales) 
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Coccidioidomycosis and Tuberculosis — A 
21-year-oId Japanese-Amencan, who had 
hved five montlis in San Joaqmn Valley, de- 
veloped malaise, asthenia, nonproductive 
cough, a vesicular eruption of the fingers, and 
acute pleurisy on the left with an effusion 
Coccidioidm and tuberculm skm tests were 
positive Ten months later an abscess ap- 
peared over the sternum A few months later 
the followmg s3Tnptoms and signs developed 
anore-aa, n eight loss, headaches, palpable 
nodules on the scalp, pam and snellmg over 
the dorsum of the left foot, and fever Acid- 
fast bacilli were found in the gastric contents 
Pus aspuated from the abscess of the foot con- 
tamed Cocadioides tm77iilis A chest roentgeno- 
gram revealed nodular infiltrations m both 
lungs Before he died the patient developed 
multiple abscesses, the pus contained Coc- 
ctdtotdcs immitis The pathological diagnoses 
were (f) coccidioidomycosis of the lungs, 
peritoneum, left shoulder jomt, left anlJe, 
skull, and dura, and (S) tuberculosis of the 
lungs, hilar l3Tnph nodes, liver, spleen, kid- 
neys, peritoneum, adrenal glands, pi estate 
semmal v'esicles, sternum, pericardium, and 
ileum This is the first case report of coevist- 
mg disseminated coccidioidom3’-cosis and dis- 
seminated l3TOpholiematogenous miliary tu- 
berculosis — Disseminaled cocadwidoiriycosis 
and hjmphohematogenous tvbercidosis Report 
of a case, B Hyde ct L Hyde, Arch Int 
Med , 1949, 83 605 — ( C ? C Leiner) 

Calciferol for Skin Tuberculosis — Charp3'’s 
regimen of massn e oral doses of calciferol has 
been modified somewhat by the author The 
latter recommends more mtensne therapy 
during the first five weeks of treatment, using 
calcifeiol 15 mg three tunes durmg each of the 
first two weeks, twnce during each of the next 
three weeks and once weekly thereafter A 
salt-free diet is employ'ed on each treatment 
day and ascorbic acid 500 mg are giv en daily 
during the first two weeks Calciferol therapy 
IS contramdicated m active pulmonary' tu- 
berculosis, renov ascular disease, hy^percal- 
cerrna, and semhty The treatment probably 
mcreascs the defensive abihtv of the skm m 


some unexplamed manner — Few notes on a 
modern method of treating cutaneous tubercu- 
losis (Czech), J HorachcL, Lehorsle listy, 
May 15, 194S, 3 269— (/ Ilavshj) 

Rib Fracture from Cougiung — Pmetures 
of the nbs resultmg from coughmg often are 
recognized but probably are more frequent 
than the reports mdicate Sev'en new cases 
are reported The mechanism by which the 
fractuies are produced is difficult to determine 
Piimary tuberculous osteitis is generally be- 
hev'ed to be so uncommon that it is unlikely 
to be the basic case A cold abscess arismg 
from an adjacent, caseous gland is a possible 
explanation Fractures durmg cougiung have 
occuried m healthy subjects, possibly' as- 
sociated with an mcreased fragihty' of the 
bones The apparent high mcidence m tu- 
berculous patients suggests an effect of the 
mfection on bony structures but the repeated 
chest roentgenogram makes it more likely 
that the lesion vnll be discovered m these 
persons There is no evidence that tuberculous 
patients are particularly hable to decalcifica- 
tion except m so far as prolonged bed 1 est may 
lead to demmerahzation The blood calcium 
concentration is normal m tuberculous pa- 
tients and fractures heal normally without 
delay' m calcus formation Fractures from 
coughmg seem to occur because the v'lolent, 
abnormal action, probably associated with 
asymmetrical posture, produces an unev'en 
tension on the ribs — Cough fracture of nbs, 

R C Cohen, Bnt M J , January S3, 1049, 
4594 133— (R TF Clarke) 

Cav emostomy — Of 75 cav emostomics, 67 
were performed for canties persisting after 
thoracoplasty, 3 for canties which perforated 
through the chest wall dunng thoiacoplasty, 
and 5 for canties whose closure by thoraco- 
plasty was not attempted There were 11 
deaths (16 per cent), 4 of which occurred m 
the mimcdiate postoperative period In this 
senes, S3 5 per cent of the patients were con- 
sidered "cured” or greatly improv ed Contra- 
lateral pneumothorax was employed with 9 
patients and contralateral thoracoplasty' with 
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one Most of the patients were in poor general 
condition at the time of operation, 35 subse- 
quently were well and showed complete local 
healing In 2 of the latter, new cavities ap- 
peared and necessitated further rib resections, 
m 2 others, new cavities were treated with a 
second cavernostomy Si\ patients improved 
greatly and their sputum became negative for 
acid-fast bacilli although epithehzation of the 
residual opening was slow Nine other patients 
Mere gieatly improved but had only a short 
follow-up period The cavity was always local- 
ized by tomographic studies and was ap- 
proached by the axillaiy route if possible 
Parenteral and local stieptomycm seemed to 
improve the results The postoperative caie 
was often veiy prolonged and most of the 
unsatisfactoiy results were attributed to the 
patients’ leaving the hospital too early The 
authors feel that the supeiiouty of their results 
to those of Ameiican surgeons is due mainly 
to the gieatei emphasis in France on pro- 
longed and meticulous postoperative care 
following caveinostomy The procedure is 
especially indicated in all patients with low 
respiratoiy function of the contralateral lung 
— ResiiUals de speleotomie ei quelqites pre- 
cisions de technique, A Bemou, L Goyer, 
Mareceauz <t J Tncoire, Rev de la tuber, 
1949, 13 m~(V Leites) 

Clinical Studies, Nontuberculous 
Diseases 

Bau^te-fume Pneumoconiosis — A fatal 
pulmonary disease attributable to fumes con- 
taining bauxite recently has been discoveied, 
chiefly among furnace feeders and ciane 
operators These men are exiiosed to dense 
vliite fumes during the fusion of finely ground 
Arkansas bauxite, iron, and coke to produce 
"conmdum,” an aluminura-oxide abrasive 
Clinically the disease is characterized by short- 
ness of breath, cj'anosis, substeinal discom- 
fort, and recurrent episodes of spontaneous 
pneumothorax from emphysematous bullae 
Exammation of tlie chest reveals signs con- 
sistent wnth the parenchynnal changes and 
often with pneumothorax Roentgenographic 


changes are distinctive and quite different 
fiom those seen m other pneumocomoses 
The cardinal features are diffuse, irregular, 
lace-like and granular shadows, greatly m- 
creased width of the mediastinum and col- 
lapse of the lung In 6 fatal cases the specific 
pathological findmgs were confined to the 
lungs Grossly there was diffuse, wndespread 
mduiation without nodulation, large, em- 
physematous vesicles weie fiequent, often 
reaching a giant size The hilar nodes were 
neither enlaiged nor hard and were completely 
fiee of nodulation Micioscopically the lungs 
alwaj^s showed diffuse fibrosis, the result of 
hyahmzation of the alveolar walls, doubly 
retractile particles frequently were demon- 
strated by polaiization microscopy The 
causative fumes consist principally of amor- 
phous material m particles not greater than 
0 5 p in diameter These fumes have an aver- 
age silica content of 36 per cent and alumina 
content of 50 per cent The ashed residue of 
lungs from fatal cases contained 27 per cent 
silica and 33 per cent alumina This affords 
some evidence that the amorphous alumina 
dust is the dominant etiological agent since 
no human disease has yet been ascribed to 
silica particles as small as those m the fumes 
It IS still undetermined whether silica plays 
an active but adjunctive lole m the produc- 
tion of this disease — The morphology of 
bauxite-fume pneumoconiosis, J P Wyatt 
&ACR Riddell, Am J Path , May, 1949, 
2S 447 — {J S Woolley) 

Circumscribed Bronchitis — Circumscribed 
bronchitis as a clmical entity was recogmzed 
m the course of bronchoscopic examinations 
It usually mvolves the stem bronchi and the 
first few centimeters of the lobar bronchi, 
especially those of the lower lobes, bemg 
chiefly unilateral The findmgs arc those of 
mucosal inflammation of xarying degree, the 
mam feature of whicli is its circumscribed 
character Swelling of the mucosa was fre- 
quent and was present in 50 per cent of the 
cases Redness, hypersecretion, and increased 
sensituity to cough-producing stimuli also 
were found The diagnosis was made because 
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the symptoms suggested more serious mvolve- 
ment so that bronchoscopy was performed 
In the 50 cases diagnosed as circumscribed 
bronchitis, bronchoscopy was done for the 
folio wmg reasons hemoptyis (22 cases), 
persistent cough (6 cases), marked dyspnea 
(8 cases), abnormal expectorations (14 cases) 
In some cases, tissue was removed and showed 
only simple inflammatory changes A few 
bronchoscopic apphcations of adrenalm to 
the involved area produced a rapid improve- 
ment or cure The development of an m- 
creased cough reflex in a circumscnbed part 
of the bronchial mucosa is beheved to be the 
basis of the condition but the etiology is ad- 
mittedly obscure — La chnigue des bronchites 
cxTconscntes, J M Lemmne A. J de Liobardy, 
Presse mid , May 7, 1949 404 — ( V LeUes) 

Toxic Effects of Pontocalne — ^Ametho- 
came hydrochlonde (Pontocame) can pro- 
duce severe toxic reactions, 12 deaths have 
been reported foUowmg its use before bron- 
choscopy and gastroscopy Such deaths are 
the result either of sensitivity or of overdosage 
and present the classic picture of cocame 
poisoning Amethocame is ten tunes more 
potent than procame or cocame, is qmck 
actmg, and has a prolonged effect It also is 
more toxic than cocaine Amethocame pene- 
trates the tissues more rapidly than cocaine 
and does not produce vasoconstriction so 
that adrenalm must be used with it The fol- 
lowmg prophylactic measures are suggested 
premedication with barbiturates, adminis- 
tration of an amethocame pastille thirty 
mmutes before the examination, addition of 
adrenahn 1 1,000 solution m the proportion 
of 4 to 1 by volume, limitation of the total 
dose of amethocame to 4 cc of a 2 per cent 
solution, avoidance of the use of the laryngeal 
spray Ihe drug should not be apphed to an 
mflamed, traumatized, or highly lascular 
surface To control a toxic reaction, an unob- 
structed aunaj must be secured by an 
endotracheal tube if necessaiy% artificial 
respiration should be given mth an oxjgen- 
carbon-dioxide mixture, a rapidl> actmg bar- 
biturate may be injected mtrai enously and 


respuatory and cardiac stimulants adminis- 
tered — Ameihocaine hydrochlonde Seicre tone 
effects when used for bronchoscopy, C A Jewi- 
son, Bnt M J , January 15, 1949, No 
4593 99— {R TF ClarU) 

Spontaneous Rib Fracture — ^A 6S-year-old 
white man with bronchial asthma, seTCre 
cough, dyspnea, and pam m the right chest 
was found to hare spontaneous fractures of 
the eighth, mnth, and tenth ribs on the right 
side Another roentgenogram taken several 
months later showed callous formation over 
these fractured ribs It was felt that the op- 
posmg action of two sets of muscles is neces- 
sary to produce this type of fracture A con- 
traction of the serratus anterior, which exerts 
a puU laterally and cephalad as opposed to 
the simultaneous pull of the external ab- 
dommal obhque medially and caudad, is the 
most likely cause Spontaneous nb fracture 
occurs only rarely m bronchial asthma — 
Spontaneous nb fracture tn bronchial asthma, 
M L Gelfand, Ann Allergy, March-Apnl, 
1949, 7 217— {L Hyde) 

Rib Fracture from Coughing during Preg- 
nancy — Rib fracture due to coughmg oc- 
curred durmg late pregnancy m 4 women, none 
of whom was known to have fragile bones 
Shght osteoporosis was found m onl3 one pa- 
tient, all 4 had blood calcium and phosphorus 
concentrations withm normal Iiimts Such 
fractures usually produce a severe, sharp pam 
during a fit of coughmg The sensation often 
IS desenbed as that of something “ginng” 
or “cracking” in the chest A mild fever may 
follow and a pleural rub occasionally is noted 
A locahzed area of tenderness is present on 
one or more nbs The nmth, tenth, and elev enth 
nbs are the most likely sites of the fractures 
and they are more frequent on the left side 
The nud-thoracic fractures occur along the 
mterdigitation of the external oblique and 
antenor serratus muscles and are assumed to 
be the result of shearing stress The likelihood 
of fracture is reported to be increased if the 
serratus is taut at the time of coughing as it 
may be when the arm is raised or when the 
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patient is resting on one elbow From this 
study it seems likely that fractures of the 
lower nbs are caused bj-^ the sheanng stress 
of the external obhque and the costal slips 
of the latissimus dorsi The posture of late 
pregnancy also may play a part Another 
possible cause is the drmng of the uterine 
mass backwards and upwards against the m- 
ner surface of the lower chest by contraction 
of the anterior abdommal muscles in cough- 
mg This force would be deflected to the left 
by the hver Although a fractured rib is a 
trivial mjury, it can produce extreme discom- 
fort and insomnia The importance of recog- 
nizmg the fracture hes m the great rehef 
afforded by early and adequate strappmg of 
the chest Equally important is the avoidance 
of tiresome confinement to bed and needless 
mxestigation, often m a hospital — Cough 
fracture in late pregnancy, J W Paulley, 
D H Lees, cL A C Pearson, Bnt M J , 
January 22, 1949, No 4594 1S5—(R W 
Clarke) 

Spontaneous Mediastinal Emphysema — 
Two cases of spontaneous pneumomedi- 
astmum developed during labor associated 
with severe strainmg The climcal course m 
each case was uneventful with recovery in a 
few days In differentiatmg the condition 
from pneumopericardium, the important 
pomts are the presence of air m the neck, the 
milder symptoms and, in the roentgenogram, 
the air along the left cardiac border extends 
above the level of the pericardial sac — 
Spontaneous pneumomediastinum in preg- 
nancy, D J MacRae, Lancet, May 21, 1949, 
1 902— {A G Cohen) 

Spontaneous Mediastinal Emphysema — 
A woman m her eighth month of pregnancy 
developed spontaneous mediastmal emphy- 
sema dunng an asthmatic attack The diag- 
nosis IS simple if subcutaneous emphysema 
appears Otherwise, two important diagnostic 
features are (!) an auscultatory crunch dur- 
mg cardiac systole (Hamman’s sign), and 
(9) the presence in roentgenograms of radio- 
opaque lines runnmg parallel to the vetebral 


column m hne with the tips of the transverse 
processes and of a narrow area of translucency 
between them and the root shadow, repre- 
sentmg air pockets hnmg the lateral bound- 
aries of the mediastmum — Acute mediastinal 
and subcutaneous emphysema, L Fndjohn d, 
P G Azzopardi, Lancet, May 24, 1949, 1 
904 — {A ® Cohen) 

Bronchogenic Carcinoma — ^Phalangeal me- 
tases from any carcmoma are rare Tliree 
cases of metastases to the phalanges from 
bronchogemc carcinoma are reported In all 
3, the lesions at first seemed to be inflam- 
matory but roentgenograms showed bone 
destruction Aspiration biopsy was diagnostic 
m 2 of the cases — Phalangeal metastases in 
bronchogenic carcinoma, G M Colson & A 
WtUcox, Lancet, January 17, 1948, 1 100 — 
{A G Cohen) 

Surgical Treatment of Bronchiectasis — 
Smce the mtroduction of aeiosol pemcillm, 
the patients come to the operatmg room with 
“dry lungs ” Bronchoscopy is not done m the 
immediate preoperative penod, it results m 
the patients becommg poor anesthetic sub- 
jects Simple anesthetic procedures are prac- 
tised A small amount of sedative medication 
IS given two hours before operation Anesthesia 
IS mduced with mtravenous pentothal A 
mixture of mtrous oxide and oxygen in a 
ratio of 3 1 IS then given for a few mmutes 
before ether is added When hght anaesthesia 
is obtained, the trachea is mtubated with a 
short Magill endotracheal catheter A slow 
infusion of citrated blood is started The 
patient is placed in a lateral position and 
draped m a manner which allows the anes- 
thetist an unobstructed view of the operative 
site A few mmutes before the pleura is en- 
tered, positive pressure is built up to 5 or 6 
rmn of mercury This prevents rapid col- 
lapse of the exposed lung Later, this pressure 
IS gradually lowered The tracheobronchial 
tree is aspirated frequently with a catheter 45 
cm long The anesthetist watches the dia- 
phragm closely, jerky movements are the 
earhest sign of tracheobronchial obstruction 
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or mediastinal flutter Aspiration is then per- 
formed, if this does not help, the pressure is 
built up to 4 or 5 mm of mercury Every half 
hour the surgeon pauses for one to two mmutes 
while the imoperated lobes are re-eypanded 
Thus, madvertent hgation of unmvolved 
bronchi is detected Blood is given accordmg 
to the amount lost, this averages 1,000 to 1,500 
cc After the diseased lung has been removed, 
the tracheobronchial tree is aspirated The 
remammg portion of the lung is then re-ev 
panded slowly The anesthetists engaged m 
major thoracic surgery should be able to pass 
a bronchoscope with the patient lymg m a 
lateral position After the chest is closed, the 
patient is turned on his back and water bot- 
tles are attached to the dramage tubes The 
bronchoscope is then passed and a vigorous 
stream of oxygen is sent tluough it Roent- 
genograms of the chest are taken while the 
patient is still m the operating room The pa- 
tient remains until the films are developed 
If these show persistent collapse, then bron- 
choscopy is repeated — Anesthesia in ike 
surffical treatment of bronchiectasis, L H 
M ousel, New England J Med, Januanj 29, 
1948, 238 14 s— (A 0 Cohen) 

ANTIjnCKOBIAL ThERAPT 

streptomycin for Tuberculous Meningitis — 
In the SalpetnSre Hospital m Pans 147 chil- 
dren mth tuberculous meningitis nere treated 
m the course of two years The oier-ali re- 
covery rate nas only 29 2 per cent, but m the 
beginnmg many cases arrived for treatment 
m a desperate state Dunng the follow-up 
penod of four to twenty months, none of the 
recovered patients exhibited any sequelae 
Of the patients with menmgitis alone, 33 
per cent recox ered, of those with meningitis 
associated with mihary tuberculosis, 25 per 
cent Eurvix'cd There were no sumx ers among 
the patients in whom memngitis occurred as 
a later complication of miliary tuberculosis 
Results ha\e improxed dunng the past two 
years with modification of the treatment In 
the beginnmg streptomy cm was adimnistered 
discontmuously, the patients receumg 2 or 


3 senes lastmg one month each Only a small 
number of mtrathecal injections were given 
On this regimen, 17 5 per cent of the cases 
were arrested At present treatment is con- 
tmued until the spmal flmd cell count is less 
than 10 Children rarely relapse after the 
cell count reaches this level Daily mtrathecal 
mjections are given dunng the first month 
The dosage was 2 0 Gm twice daily mtra- 
muscularly and 12 to 50 mg mtrathecally 
The percentage of recoveries m this series was 
47 5 per cent The admmistration of strepto- 
myem together with a sulfone compound 
raised the recovery rate further to 59 per 
cent m a series of IS patients — Risulhts de 2 
ans de traitement de la meningitc lubercideuse 
de Venfant, M J Foiiquel, V Hcimann, M 
Meyer A Hennequet, Presse m6d , April 28, 
1949 , 57 S72—{V Leites) 

Streptomycin for Tuberculous Meningitis 
— Of 76 admissions for tuberculous menmgi- 
tis, 67 patients proved to have the disease, 
the remaimng 9 had suggestive symptoms but 
the diagnosis was not substantiated Prompt 
diagnosis is important, mental apathy bemg 
an early sign In 3 patients the cerebrospinal 
fluid was normal early m the disease BTien 
they occur, a fall in sugar, a nse in protem, 
and pleocytosis of the fluid are important 
diagnostic signs Acid-fast bacilh were seen 
m the cerebrospmal fluid from 39 patients 
(5S per cent) prior to and wathin 4S hours of 
admission Tubercle bacilli were recovered by 
culture or gumea pig inoculation of the flmd 
in 5S cases (87 per cent) Diagnosis by one or 
both of these criteria was established m 62 
cases (92 per cent) The Mantoux test was 
positixe m 50 of 51 patients tested, chest 
roentgenograms showed abnormalities in 50 
of 66 patients Forty patients received com- 
bmed mtrathecal and intramuscular strepto- 
myem, 15 (37 per cent) of them survaved 
Ten others received intramuscular therapy 
only and 2 survaved Four patients received 
mtramuscular therapy followed by combined 
therapy, one survaved Important factors 
contnbutmg to therapeutic failure arc vascu- 
lar changes m the brain and hydrocephalus 
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In 10 pnlicnts, a tube nns inserted into the 
htcMl ^•entncIc to iclie\e the intncraninl 
fluid pressure, onh one of these patients siir- 
an\cd Strains of Jtf iiihcrcuhsis isolated from 
43 of the patients liaxai '•honn no resistance 
to streptonn cm Of tlic entire scries, IS 
patients (33 per cent) EurM\cd with com- 
plete clinical rcco\er> in IG Two lu\c had 
relapses and show dcfinitch abnormal cere- 
brospinal fluid — Tuberculous vicmrunlis, J 
Ruble A F Mohvn, Bnt M J , February 
£S,1949, lYo 4599 SSS~{R Tl' Clarle) 

Streptomycin for Enteric Tuberculosis — 
The rapid effect of streptoma cm on the clinical 
EjTnptoms and roentgenological changes of 
mtestinal tuberculosis was demonstrated in 8 
cases Complete regression or \cry marked 
unproacment was noted m all but one patient 
avho died of a pulmonar}'- hemorrhage while 
under treatment Four to siv weeks of treat- 
ment with streptomjem m daila doses of 1 o 
to 2 Gm were suflicicnt to produce the de- 
sired result Howeacr, the pulmonara’’ pa- 
thologj often necessitated longer administra- 
tion — EJTicaciib dc la slreplomycinc sur 
la tuberculosc inlcshnalc, P Damadc, F 
Piichaud, F J Traxssac, P Freour, cL M 
Roux, Rev de la luherc , 1949, 13 SS5 — ( F 
Leitcs) 

Streptomycin for Bone and Joint Tuberculosis 
— ^The use of streptomycin for bone and 
joint tuberculosis aaas ina^estigated by^ amrious 
French clinics under the auspices of the 
Ministry of Health About 300 patients with 
proved tuberculous lesions aahicli avere not 
improving have been under treatment for si\ 
to ten montlis Local and general treatment 
was contmued and streptomycin w'as given 
m daily doses of 1 0 Gm for adults, 0 25 Gm 
for children below the age of five, and 0 5 Gm 
for children five to fifteen years of age Treat- 
ment w as continued for 120 days dunng which 
no other chemotherapeutic agent was given 
The reports show that (f) An extremely 
favorable effect of streptomycin on the general 
condition and on constitutional symptoms 
■was often noted It was sometimes dramatic 


in sc\ erely cachectic patients (2) The heahng 
of fistulas was usually successful Fistulas 
which liad drained as long as nineteen years 
closed lapidly (S) The effect on cold ab- 
scesses was less constant Some obseiwers 
reported no success, others had faxorable 
results in a few patients after prolonged treat- 
ment (4) No definitne conclusions were 
reached on the effect of streptomycm on the 
course of tlie osteo aiticular lesions It was 
felt by most observ ers that streptomycm had 
a rapid effect if given early', before bone 
destruction, more advanced lesions required 
surgery Necessary' operations were simphfied 
by the preoporatn e admmistration of strepto- 
my cm and cases prcvaously considered too far 
adianced for intervention were operated 
upon successfully' after treatment Lesions 
treated with streptomycin sometimes were 
found bactenologically' sterile at operation 
There was also a favorable effect on the post- 
operative course — Sircplomycine cl iubercu- 
losc ostio arhculanc, M E Sorrel <L Sorrel- 
Deycnnc, Premiers resuliais de Vemploi de la 
sircplomycine dans le Irailement des iubercu- 
loscs osUo-arlxculaires, E Bernard, P Pada- 
vani d A Lolle, Dix mois de streplomyane 
dans Ics locahsalions oslbo-arliculanes de la 
ivbereiilose, P Gerard-Marchand, Premiers 
essais de Irailement des tuberculoses osUo- 
articulaircs par la streptomycine, P Ingelrans, 
A Vendeuvre d J Nigoul Streplomyane et 
ivolulion de la luberadose osseuse, M Galland 
Effets immediate d’un Irailement de qualre 
mois par la slreptomyane sur les tuberadeux 
osseux et ganglionnaires, R SerSe, H Delt- 
loff, P Hubert d H Verney Le Irailement 
des tuberculoses chirurgicales par la strepto- 
myane, J Baslide, J Amghi de Casanova, 

P Roussel, Monfajon, Cli Albarei, Semaine 
d h6p Pans, May 10, 1949, 25 1491 — ( V 
hales) 

Streptomycin with Eirtrapleural Pneumo- 
thorax — ^Extrapleural pneumothorax was per- 
formed in 65 patients in 194/ and 1948, 32 
of them receiving streptomycm preoperatively 
The others w'ere operated upon before stiepto- 
mycin became av'ailable In the streptomycm- 
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treated group there was one case of tuberculous 
effusion whereas in the untreated group tu- 
berculous effusions occurred in 15 cases ITie 
patients who developed fluid m the avtra- 
pleural space were subsequently treated with 
local injections of streptomycin 1 0 Gm daily 
for 15 to 20 da 3 ^s In 10 cases of the 15, there 
was complete absorption of fluid In the re- 
maunng 5 cases, the fluid became sterile and 
serofibnnous after a few weeks — Les ipan- 
chements purulents tuhcrcuhux des P N E P 
et strepiomyane, Le Foyer, Bertheau, Pervh <£, 
Sabiam, Rev de la tulerc , 1949, 13 129 — ( V 
Lelies') 

Streptomycin and Surgery — ^The indica- 
tions for the use of streptomycm m associa- 
tion with the surgical treatment of pul- 
monary tuberculosis are di\nded mto 6 groups 

(1) Acute pneumomc or bronchopneumomc 
cases as well as subacute cases with extensive 
nodular dissemination are at the onset stnctly 
“medical” cases If streptom 3 cm is effective, 
these cases may become ehgible for surgery 
in order to control remaimng cantar 3 ' lesions 

(2) Many chrome ca%atar 3 ' cases are unac- 
ceptable for surger 3 ’’ because of contralateral 
disease These may be good surgical risks 
after regression of the contralateral lesions 
followmg streptomycm (S) In some ca\ntary 
cases surgery is prevented by a verj' unfavor- 
able chmeal course vnth fever, weight loss, 
and abundant expectoration Streptomy'cm 
may “cool off” the process and reduce ex- 
pectoration so that surgeiy can be performed 
vnth a gam in time and safety' (4) In uncom- 
pheated cases vnth none of the above men- 
tioned contraindications to thoracoplasty, 
routme admimstration of streptomycm is 
not felt to be mdispensable and, if decided 
upon, the course should not uxceed two weeks 
The routme use of streptomycm is more 
justified before extrapleural pneumothorax 
(5) Preoperativ e and postoperativ e treatment 
vnth streptomycm is recommended as a 
routine procedure m excisional surgery (&) 
Streptomycm has been of great help m such 
postoperative comphcations as ex-tension of 
the tuberculous process m the lung, tubercu- 


lous extrapleural effusions, and cliest wall 
fistulas — Sar les indications divcrses cl les 
modahiis d’emplot de la strepiomyane en 
assoaalion avec la collapsotlidrapie diiritrgicale, 
B Bernard, A Lotte, J Wall, R Monod, 
Mathey <£, Monod Rev de la inhere, 1949, 
13 1 — ( V Leites) 

Streptomycin Resistance of Tubercle 
BaclUi — ^Tubercle bacilh from 39 patients 
were tested for streptomycin resistance be- 
fore, dunng, and after treatment of the pa- 
tients for 90 to ISO days vnth streptomycm 

1 Gm daily' m tn o doses twelv e hours apart 
None of the 32 strains tested was resistant to 

2 5y per cc At the end of 30 days of treatment, 
no resistant strains were found m any' of 30 
patients At the end of 60 day's, 13 per cent of 
24 patients had resistant bacilh After 90 
days, 29 per cent of 28 patients, and after 
100 to 120 day's, 45 per cent of 31 patients, 
had streptomycm-resistant strains The num- 
ber of resistant bacilh mcreased after cessa- 
tion of treatment m 4 patients It would seem 
advisable, therefore, to postpone final de- 
cision on the number of strains which become 
resistant until several months after the com- 
pletion of streptomycm therapy The average 
serum concentration of streptomy'cm was 
found to drop rapidly from 33 y per cc at 
two hours to 8 6 7 per cc at eight hours and 
then more slowly to 1 7 y per cc at twelve 
hours after mjection — Resistance of the 
tubercle baallus to streptomyan, B Blaltbcrg 
<£. H Ehrhom, J Lab and Chn Med , 
March, 1949, 34 S5S—{F G Petnk) 

Bacterial Reaction with Streptomycin 
Therapy — ^In a senes of 300 patients treated 
vnth streptomycm, 20 developed nausea, ab- 
dommal distention, vertigo, tachycardia, fe- 
ver, and leukocy'tosis dunng the third or 
fourth week of treatment When penicillin 
was given in addition to the streptomycin, 
all symptoms promptly' disappeared This 
reaction is neither an allergic nor a toxic one 
It is due to a decided mcrease in the numbor.of 
fecal streptococci — Slrcpfococats fccahs re- 
action occurring dunng streptomyan therapy, 
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TT n’ Skirarl S.0 L Baldndqc, J .1 M ^1 , 
February £6, 1949, 139, 579 —{11 Aides) 

Streptomycin for Respiratory Infections — 
Streptomjem was gi\cn to 50 pat tents with 
vnnous infections of the rcspintorj tract 
Stnkingly bencficiil cfTccts were obtamcci m 
7 patients wath pneumonia dne to K pneu- 
moniae Good results were seen m 3 patients 
with pneumonia duo to J1 tfi/!ucneac and m 3 
eases of pulmonary tularcnua Tlierc may 
lia\e been some beneficial effect m one of 2 
patients with coccal pneumonia There mas a 
questionable effect m 2 cases of pertussis wath 
bronchopneumonia One patient treated wath 
streptomyem and pemcilhn sur\n\cd pneu- 
monia mith agranulocytosis Tlierc was no 
effect from the streptomy cm treatment m one 
patient rnith atypical jineumonia and good 
rrsponso m one patient with \arus pneumonia 
and a secondary P aeruginosa infection No 
effect mas seen in 3 cases of asthma mith 
chrome infection of the upper respiratory 
tract, m G eases of chronic bronclutis, nor in 
S eases of bronchiectasis One ease of actmo- 
mycosis shomed a good response temporanfy, 
sustained improiement mas obtamed in one 
patient with blastomycosis, no effect was seen 
in one patient mith moniliasis No effects from 
the streptomycin treatment mere seen m 6 
cases of sarcoidosis, 2 cases of Hodgkm’s 
disease, nor m one case of siLcosis — Slrcpto- 
nycin. Reporlsof its dtmeal effects in forty-four 
patients treated for tarious infections of the 
respiratory trad, E J Pidaski d Th T 
White, Ardi hit Med , September, 1948, 82 
217— {G C Leaner) 

Tuberculostatic Effect of Furacin — h. bac- 
tenostatie effect of furacm on virulent human 
tubercle bacilh tw vitro occurred with a con- 
centration of 1 20,000 (5 mg per 100 cc ) and 
a bactericidal effect wath 1 5,000 (20 mg per 
100 cc) However, the furacm, m the maxi- 
mum tolerated dose of about 35 mg per Kg 
daily for 64 days, did not appreciably affect 
the course of tuberculosis produced m guinea 
pigs by the H37Rv stram Resistance to 
furacm in vitro was not evident after many 


transfers of the H37Rv culture m drug-con- 
taining medium Hie combmation of Furacin 
and streptomy'cm m Tween-albumm hquid 
medium dehy'cd, but did not prevent, the 
dc\clopmcnt of streptomycin-resistant bacilh 
of the H37Rv strain — Tuberculostatic effect 
of furacin in intro and in vivo, E Wohnsky, V 
TTcticf, <£, W Slccnkcn, Jr , Proc Soc Exper 
Biol (£ Med , March, 1949, 70 48S — (F B 
Seibert) 

Aureomycln for Primary Atypical Pneu- 
monia — A controlled senes of 22 patients 
wnth prmiary atyqiical pneumonia were treated 
with aureomycm Treatment was instituted 
with an intravenous mjection of aureomycm 
hjdrooblonde 50 mg and an oral dose of 
aureomy cm 1 0 Gm Tliereafter, each patient 
rcceu cd aureomycm 1 0 Gm every si\ hours 
until his temperature had been normal for 
at least 48 hours Nausea and vomiting mere 
frequent after oral administration of the drug 
but nc\er followed an intravenous injection 
All patients responded uniformly well, de- 
feimesccncc was cxtraordmarily rapid m the 
majority Relapse occiured in 3 patients after 
treatment mas stopped and aureomycm was 
as effective in treating the relapse as the 
initial episode A control group of 20 patients 
was treated with pemcillm, prompt recovery 
occurred in almost half of tins group Aureo- 
mycin treatment resulted in the prompt re- 
coa ery of all patients and it can be considered 
highly effective m primary atypical pneu- 
moma — Aureomycm in primary atypical pneu- 
monia A controlled evaluation, G Meikle- 
john d R I Shragg, JAMA, May 28, 
1949, 140 891 —{H Abeles) 

Aureomycln for Tularemia — Three patients 
with tularemia were treated with aureomycm 
They responded promptly and the results are 
comparable to streptomycm therapy in the 
degree of effectiveness —Aureomycm in treat- 
ment of cxpenmental and human tularemia, T 
E Woodward, W T Baby, F Eppes, F A 
Holbrook & J A Hightower, J A MA , 
March 26, 1949, 139 830 —{H Abeles) 
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Laboratort Studies 

Tliiosemicarbazone in Experimental Tuber- 
culosis — The effect of a thiosemicarbazone, 
TB 1 698, prepared by Domagk and his col- 
laborators in Germany, was studied in e\-peri- 
mental tuberculosis of mice Doses of 10 mg 
were given orally for 46 days after mtravenous 
infection vuth 1 mg of a three-week-old cul- 
ture of virulent tubercle bacilh An imtreated 
group of mice infected m the same manner 
served as controls In the untreated group, 
all the animals died in 26 to 30 dal's In the 
treated group, 41 per cent of the animals sur- 
vived until the fifty-eighth day, when they 
were sacrificed Tliere was a marked decrease 
m the bacillary content of the lungs m the 
treated mice as compared to the untreated 
ones The microscopic character of the lesions 
in the treated ammals resembled that seen 
with streptomycin therapy but neither the 
length of survival nor the signs of healing 
were as good as those mth streptomycm 
The incidence of relapses was aery high m 
spite of contmuation of the daily treatment 
The drug seemed to have its ma\imum anti- 
microbial effect at the onset of treatment and 
the proliferation of tubercle bacilh was marked 
after the forty-fifth day The mode of action 
of tlnosemicarbazone is considered analogous 
to that of p-aminosahcyhc acid but its effec- 
tmty seems to be higher — Effcts curatifs 
dll Thiosimicarbazone {TB 1) dans la Itiber- 
cvlosc expenmenlalc dc la soitns, C Levadili, 
Presse mid, June 11, 1949, S7 619 — (F 
Leitcs) 

Nutrition and Response to Tuberculosis — 
A controlled study was made of the phj-sio- 
logical and pathological responses of protein- 
deficient rats to a tuberculous infection The 
growth, food consumption, plasma proteins, 
hematologic aanations, and tissue response 
were imestigated Young, growing rats were 
mamtamed on one of 3 diets adequate, pro- 
tem-deficicnt, or initiallj adequate and then 
acutely, seierelj deficient Infection of these 
animals with M tuberculosis H37Ra gaae 
results which seem to faa or the concept that 
dietarj protein deficienci docs not alter sig- 


mficantly the susceptibility of the rats nor the 
course of the tuberculosis This seems to be 
true regardless of the seventy or duration of 
the protem deficiency, it apparentl} makes 
no difference whether the previous protem 
mtake was high or low Changes m the white 
blood cell count, hemoglobm and plasma pro- 
teins were consistent with those m unmfected, 
protem-deficient rats and were not pecuhar to 
the tuberculous animals There were equn ocal 
changes in the myeloid-erythroid ratio of the 
marrow in infected ammals Tuberculous 
rats had an apparent increase m the alpha 
and beta globuhns but this was not eaadent 
when the unit-circulating quantities of the 
plasma components were estimated — Ahtln- 
Itonal status and infection response II Elec- 
trophoretic, circulating plasma protein, hema- 
tologic, hematopoietic, and pathologic responses 
to mycobadenum tuberculosis (HSTEv) infec- 
tion in the protcin-dcficicnt rat, J Metcoff, D 
Darling, D TTifeon, A Lapi cl F J Stare, 

J Lob &, Clin Med , March, 1949, 34 335 — 

(F G PetnfJ) 

Test of Streptomycin Seasiiity — Rapid 
e\ aluation of streptomj cm sonsitn ity is pos- 
sible by direct culture of the pathological spec- 
imen on solid and liquid media containing 
graduated concentrations of streptomj cm In- 
cipient growth can be demonstrated as carlj 
as on the fifth or sixth day by microscopic 
exammation of slides obtained from the inocu- 
lated media This method may not be abso- 
lutely accurate but it is considered adequate 
and valuable for clinical purposes — evalu- 
ation rapide dc la strcptoniyano resistance par 
la culture dircde dcs produits bacillifcres, J 
Brctcy, P J Colctsos & H Boistcrt, Ann Inst 
Pasteur, February, 19'i9, 76, ISS — (V Lcitcs) 

Streptomycin-dependcntilf Ranac — Anew 
streptomj cin-dependcnt aanant of Myco- 
bacterium ranac has been isolated It will grow 
only in low concentrations of ctreptoma cm 
Parent-tvpc cells which grow without strep- 
tomacm were isolated from scieral strepto- 
mj cm-depeiident strains The number of 
parent-tj'pe cells found aanod with the ‘-ize 
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and character of the population and with the 
concentration of streptomycin m which the 
dependent cells were growing Detailed stud- 
ies failed to reveal any differences between 
the parent-type cells found m the strepto- 
mycin-dependent cultures and the cells of the 
original parent population Tins is believed 
to be an example of reverse mutation At- 
tempts to induce changes in the incidence of 
parent-type cells in stieptomycin-dependent 
populations were unsuccessful Streptomycin- 
dependent and streptomycin-resistant cells 
were grown in the same culture and after 
several successive subcultures the presence of 
streptomycin-dependent cells could not be 
readily detected — The biological charactenslics 
of sireptomyan-dependent Mycobaclenum ranae, 
D Yegian & B J Vandnlmde J Bad, 
February, 1949, 57 169 — (F G PelriKS 

Culture of Tubercle Bacilli — ^The addition 
to the medium of relatively small amounts of 
horse serum (1 30) modifies considerably the 
cultural characteristics of tubercle bacilli In 
the simple Sauton medium, tubercle bacilli 
grow very poorly in the depth of the medium 
and have a tendency to develop on the surface 
Under the influence of serum, the tubercle 
bacilli become more anaerobic and grow in 
the depth of the liquid medium as early as 
the sixth day after inoculation with a small 
number of bacilli In the presence of serum 
this growth m the depth takes place either in 
the presence or absence of glycerine Sauton 
medium with horse seium has proxed very 
useful and inexpensive for titration of certain 
antibiotics, the results being comparable to 
those obtained with the media of Dubos and 
Youmans — Culture en profondeur de baciUe 
tuhercidcuz cn milieu de Sauton addilionnd de 
sdntin de chcml ct Mragc de certains antibio- 
tiqucs J SolomidiSfAnn Inst Pasteur, April, 
19', 9, 76 871 — ( V Leites) 

Transfer of Systemic TubercuUn Sensltiv- 
ity — Systemic tuberculin sensitmty could be 
passn ely transferred in guinea pigs by means 
of the cells of induced peritoneal exaidates 
from tuberculous donors Tlie systemic shock 


mduced in these recipients was of the typical 
delayed tubercuhn type Desensitizstion of 
some tuberculous donora with tubercuhn 
abolished the capacity of their pentoneal cells 
to passively transfer the tuberculm sensitivity 
This evidence indicates that desensitization 
results from the saturation of fiAed cellular 
antibody with antigen — Tuberculin reaction 
in Transfer of systemic tuberculin sensitmty 
vnih cells of tuberculous guinea pigs, W F 
Kirchheimer, R L Weiser, & R Van Liew, 
Proc Sac Exper Bxol <£ Med, January, 
1949, 70 99~{F B Seibert) 

Leukocyte Blockade of Tuberculin Cyfolysis 
— Suspensions of white blood cells from 
normal persons with a negative mtracutaneous 
tubercuhn reaction, as nell as those from 
patients with active tuberculosis, adsorbed 
tuberculm (OT) from the plasma The tuber- 
culin was assayed by its in intro cytotoxic 
effect on the white blood cells of tuberculous 
subjects White blood cells from normal or 
tuberculous mice did not adsorb tuberculin 
Plasma from patients with active tuberculosis 
partially mactivated tubercuhn whereas nor- 
mal human plasma did not Lailocyle blockade 
of in mtro tuberculin cyiolysis, C B Favour, 
Proc Soc Exper Biol Med, February, 
1949, 70 369— (F B Seibert) 

Pulmonary Edema due to ANTU — Dogs 
under nembutal anesthesia were gn en aipha- 
naphthyl thiourea (ANTU) mtrax'cnously in 
propylene glycol ''rtflien one cc per Kg of a 
2 per cent solution vas injected, the animals 
developed fatal pulmonary edema The first 
evidence of changes leading to edema vas an 
increase m the flow of lung lymph Greater 
rate and minute volume of breathing Mowed 
Blood gas analyses indicated that the hx-perp- 
nca of rapidly dex eloping pulmonary edema 
was penplieral in origin— A ctdc cffccis upon 
the lungs of dogs of large inlraicnous doses 
of alpha naphthyl thiourea (AI^TU), C K 
Drinker ct E Hardcnhcrgh Am J PhumJ , 
January, 1949, 156 S5—(G C Lann) 
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Pulmonary Edema and Intracranial Pres- 
sure — Increased intracranial pressure was pro- 
duced in 24 guinea pigs five minutes before 
they were guiUotmed In approximately one- 
half of them pulmonary edema, congestion, 
and hemorrhage were found, and the lung 
weight/body weight and lung weight/heart 
ventncle weight ratios were elevated Bilat- 
eral cervical vagotomy exerted a protective 
effect against pulmonary edema subsequent 
to elevation in mtracramal pressure — Pul- 
monary Umons tn guinea pigs with increased 
intracranial pressure, and the effect of bilateral 
cervical vagotomy, G S Campbell d, M B 
Yisscher, Am J Physiol April 19^9, 1S7 
ISO — ((? C Leiner) 

Fluid Shifts in Pressure Breathing — A 
method has been developed for exposmg 
anesthetized ammals to high positive pressure 
respnation, usmg a counter-pressunzation 
system and a simple hebnet Ammals exposed 
to pressure breathing show a rapid loss of 
fluid from the circulation which is roughly 
proportional to the mean respuatory pressure 
employed Protem leakage was mconstantly 
observed m ammals exposed to pressure 
breathmg — Fluid shifts in animals during 
pressure breathing, Ck Mann <t J Goodman, 
Am J Physiol, October, 1948, 15S SOS — 

(G C Leiner) 

Respiration after Pulmonary Artery Liga- 
tion — From experiments in dogs m which the 
left pulmonaiy arteiy had been hgated the fol- 
lowing conclusions were made "A lung with a 
hgated pulmonary artery can mamtam a 
respiratory function The capacity of such a 
lung to absorb oxygen gradually increases 
over a penod of months When oxygen rather 
than air is supphed through a bronchospiro- 
metne cannula, while the mtact lung con- 
tinues to breathe air, the oxygen content of 
the nrtenal blood is found to nse The effec- 
tive flow m tlie bronchial artenes of such a 
lung mcreases with tune after hgation, as 
measured by bronchospirometry and an 
apphcation of the Fick pnnciple The mcrease 
m circulation is m step with the expansion of 


the vascular bed demonstrated m anatomical 
studies by the vmyhte method as reported 
elsewhere This flow is largely a burden on 
the left heart whose output becomes roughly 
one-third greater than that of the nght A 
similar situation obtains m human disease, 
such as bronchiectasis or congemtal pulmomc 
stenosis, where there is an extensive collateral 
circulation to the lungs ’’—Respiratory func- 
tion and blood flow tn the bronchial artery 
after hgation of the pulmonary artery, W E 
Bloomer, W Hamson, G E Lindslog, d. 
A A Licbow, Am J Physiol , May, 1949, 
157 S17—(G C Leiner) 

Pulmonary Infarction — Obstruction of 
branches of the pulmonary' artery results in 
infraction only when there is mterference with 
the collateral circulation at the same time 
Pulmonaiy embolisms were produced in dogs 
by releasmg blood clots from the jugular 
veins, no infarctions developed Pulmonaiy 
congestion was produced m S dop by the 
mtravenous administration of alpha-naphthjl- 
thiourea pnor to the release of emboh, 3 
developed pulmonary mfarction distal to the 
embohsm and 4 bad alveolar heraorrLage 
distal to the embolism — Experimental pul- 
monary infarction. Abnormal pulmonary area- 
Mum as a prerequisite for pulmonary infaridion 
following an embohsm, D IT Chapman, L J 
Gitglc d P W TFhcclcr, Arch Int Med, 
February, 1949, 83 ISS — (G G Loner) 

Resusi^tation from Obstnicti\e Asphyxia — 
Obstructive asphyxia vas produced in dogs 
and different methods for resuscitation were 
tested WTien no treatment nas gi%en, 32 
per cent of 22 dogs surm cd Of 20 dogs gii en 
manual artificial respiration in air, 35 per cent 
survived When mechanical artificial respira- 
tion m air was used, 75 per cent of 20 dogs 
survived With mechanical artificial respira 
tion and 100 per cent oxygen, 71 per cent of 
21 dop survived WTicn mechanical artificial 
respiration was used with a mixture of 7 per 
cent COj and 93 per cent 0-, 85 per ccntjfof 
20 dop survived — Resusalatwn from cb- 
structiie asphyxia, H Schiccrma, A C h'l, 
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TF L Burlhardt d, A F Thometz, Am J 
Physiol , February, 1949, 1S6 145 — ((? C 
Leiner) 

Experimental Pulmonary Atelectasis — ^Ate- 
lectasis occurs m a part of the lung when the 
bronchus leading to it is completely occluded 
as happens frequently durmg various patho- 
logical processes In such cases the air m the 
occluded segment is resorbed Atelectasis 
also occurs when a bronchus is partially 
occluded by an obstacle which acts as a valve 
permittmg expiration from, but not inspira- 
tion mto, a part of the lung In this circum- 
stance, air IS both expued and absorbed 
Lesions which act m this fashion are very rare, 
more often the obstacle m the bronchus per- 
mits mspiration but no expiration so that 
emphysema results Collapse therapy as used 
m the treatment of pulmonary tuberculosis 
seeks to reduce the air content of cavities and 
to produce atelectasis of the surroundmg 
lung parenchyma Anythmg which mduces 
emphysema or prevents drainage of secretions 
from the collapsed area mterferes with the 
treatment Experimental pulmonary atelecta- 
sis nas produced m dogs by the authors who 
mtroduced a metal check valve through the 
Chevaher Jackson bronchoscope mto the 
bronchus of one lower lobe The valve used 
permitted both the expiration of air and the 
evacuation of bronchial secretions from be- 
yond the obstruction The resultant atelec- 
tasis did not produce signs on physical or 
roentgenographic exammation although the 
area was demonstrable at post-mortem exam- 
ination When the valve was mverted, emphy- 
sema resulted but this also was demonstrable 
only by dissection These results suggest a 
means of producmg therapeutic locahzed ate- 
lectasis with free drainage of secretions There 
are many techmcal difficulties, however, es- 
pecially when the attempt is made to occlude 
an upper bronchus Some means of decreasmg 
the reaction of the bronchial tissue to the for- 
eign body were found and are being studied 
further Experiment atelectasis of the lungs by 
bronchial obstruction {Slovak), Z Schemer d 


M Cara, Rozhkdy v Tuberculose, 1948, 8 94 
— {J Ilavshj) 

Gas Exchange In Respiratory Dead Space — 
In 2 healthy adults, air samples from the 
supraglottic portion of the respiratory dead 
space were analyzed Withm one to two sec- 
onds durmg breath-holdmg after the end of 
an inspiration, a small rise m carbon dioxide 
tension and fall m oxygen tension were found 
When the breath was held at the end of an 
mspiration for progressively longer periods, 
the carbon dioxide concentration increased 
at a nearly steady state, whereas the oxygen 
concentration fell only dunng the first ten 
seconds It is beheved that the gas exchange 
occurs across the mixed glandular secretions 
which bathe the supraglottic area — Study 
of the exchange of oxygen and carbon dioxide 
tn the supraglottic portion of the respiratory 
dead space, M Qaldston d S A Horuntz, Am 
J Physiol , December, 1948, ISS 4^0 — {G C 
Leiner) 

Artificial Respiration and Altitude — ^Five 
types of artificial respiration were evaluated 
m rats at Denver’s altitude and at an altitude 
of 40,000 feet The types studied were Eve 
tilt board, Schafer prone pressure, Pulmotor 
or ‘suck and blow' type, Drinker respirator, 
and Thunberg barospirator At high and low 
altitudes the mechanical methods for artifi- 
cial respiration were superior to manual 
methods The Schafer method was more 
effective than the Eve method The admmis- 
tration of oxygen while givmg artificial res- 
piration at lugh altitudes proved especially 
beneficial to the cu-culation This was partic- 
ularly true with the barospuator which was 
the most effective method studied for restor- 
mg the cuculation Smce the circulatory 
response always occurred first, this was im- 
portant m brmgmg about the resumption of 
respiration Low temperatures had a better 
effect than the administration of oxygen 
carbon dioxide mixtures Coramine proied 
effective m stimulatmg respiration at low 
altitudes but not at high Strychmne also was 
effective, but caffeine, picrotoxm, metrazol, 
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and potassium cyamde had little effect — 
Efficiency of vanoiic types of artificial respira- 
tion at high altitudes, F R Blood <L F E 
D’Amour, Am J Physiol, January 1949, 
1S6 52— [G C Leiner) 

Carbonic Anhydrase in Blood — ^With a neiv 
method, measurements of carbonic anh 3 "drase 
activity of the blood were made m 40 patients 
with d 3 rspnea due to cardiac or pulmonary 
diseases, and m one patient with obstruction 
of the superior vena cava The anhy^drase 
activity always vas normal in relation to 
hematocrit value, erythrocyde count, and 
hemoglobin concentration It was increased 
in patients mth polycythemia due to pul- 
monarj’’ disease and m patients mth increased 
blood volumes due to congestive failure — 
Aciiinty of carbon anydrase in the blood. Study 
of patients with dyspnea consequent to chronic 
cardiac and pulmonary disease, M D Alt- 
scJiulc (L H D Lems, Arch Inl Med , May 
1949, S3 547— (G C Lciner) 

PoBuc Health anti EPInE^^OLoaT 

Reaction to Vole Tubercle Bacilli — ^It has 
been shown that vole tubercle baciUi are only 
slightly' pathogenic for rabbits and guinea 
pigs Injection of caseous material from lesions 
of naturally infected voles or of living vole 
tubercle bacilli protects these animals against 
virulent mammalian tubercle bacilli Patho- 
genicity of the a ole organism for cahes is 
low, its immumzmg power is greater than that 
of BCG, all injected calves dev eloping strongly 
positive tuberculm reactions In the current 
study, 16 patients mth far advanced tuber- 
culosis nere mjected rntradermall}' nith 
0 0001 mg of a culture of livnng vole tubercle 
bacilli A marked local reaction developed, 
consisting of a tiny red papule surrounded by 
an area of erydhema This si only increased in 
size, reaching its maviraum in ten days In 
most cases, the papule became a pustule 
There n as no lyniphadenopathy or constitu- 
tional reaction The intensity of the reaction 
paralleled the hlantouv reaction For injec- 
tion in other cases, the bacilli were killed by 
heat, the reaction nas slightly less mtense but 


of the same character Wlien dosages up to 
01 mg nere used, tlie same reactions were 
obtained but the intensity' nas m proportion 
to the dosage scale In no case nas a patient 
affected advereely —The iniracutancous injec- 
tion of vole tubercle bacilli in tuberculous per- 
sons, C Cameron A I A Purdic, Tubercle, 
December, 1946, 27 193 —{A G Cohen) 

Vaccination with Vole Bacillus —Vaccina- 
tions nere earned out mth the munne type 
of tubercle bacillus (vole bacillus) in 2 com- 
mumties A group of 444 persons mth a Ion 
incidence of tuberculosis nas tested, IIG nere 
negative to intradermal tests mth 0 1 cc of 
Old Tuberculin 1 100 Forty -eight of the 
nonreactors were vaccinated Onlv one case 
of tuberculosis developed in the control group 
and none appeared m the vaccinated group 
After v'accination all of the latter became 
sensitive to 0 1 cc of OT 1 100 Sensitmty 
to OT 1 10,000 appeared but gradually 
waned In another community mth a high 
incidence of tuberculosis, there nere 179 non- 
reactors among 441 persons tested Eighty -one 
of the nonreactors were vaccinated, one case 
of tuberculosis dev’cloped in this group In 
the control group, there were 4 deaths and 
4 other cases This difference is statistically 
significant — Vacanatwn with the munne 
type of tubercle bacillus (lole bacillus), A G 
Wells, Lancet, July 9, 1949, J SS — (A G 
Cohen) 

Tuberculosis in Belgian Congo — ^Tho con- ^ 
trol of tuberculosis in the Congo has become 
more difficult since the w nr because of the rapid 
mcrease in population which has accom- 
panied industrial development Besides the 
native vnllages, many new, larger population 
centers have developed Tlicrc arc now over 
14,000,000 persons, mostly Negroes, in the 
Belgian Congo and Ruanda-Urundi Ade- 
quate food and hygiene are more easily pro- 
vaded in the large groups under the direct 
management of nch and powerful industrial 
companies which are responsible for the 
workers' housing, food, education, and mwh- 
cal care The central government roust pro 
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Vide for other groups A recent study showed 
that in certain mining locations SO per cent 
of the workers and 64 per cent of their waves 
gave positive tuberculm leactions, as did 30 
per cent of children up to fifteen years of age 
hlost cases of active tuberculosis were found 
in adolescents and young adults Accurate 
mortality statistics w^eie not available and 
it IS impossible to say to what extent the dis- 
ease IS increasing or the population is gradu- 
ally becoming immumzed Fulminating cases 
W’hich soon cease to be centers of infection aie 
less to be feared than the more chrome cases 
which are now mcreasing m number Menin- 
gitis IS rare, mihary tuberculosis occurs more 
often than it is diagnosed Many cases of 
ulcerocaseous pulmonary tuberculosis are not 
diagnosed Adolescents often die of a primary 
infection The author emphasizes the area’s 
need of tramed physicians and advocates 
BCG vaccination of negative reactors ex- 
posed to infection — Les problemes relatifs a 
la tuberculose chez les noirs au Congo beige en 
1948, J Firket, Acta Tubercidosea Belgica, 
February, 1949, 1 S — (A T Laird) 

Tuberculosis in Mental Hospitals — ^In 1945 
the resident population of the mental hospitals 
m Cahfomia was 25,810, forming 0 3 per cent 
of the state’s population and contributing 4 4 
per cent of the deaths from tuberculosis The 
death rate of 657 per 100,000 in mental 
hospitals and 361 m institutions for mental 
defectives compares wath a total tuberculosis 
death rate of 43 4 for Cahfomia Contrary to 
popular behef, there is considerable patient 
movement m mental mstitutions In 1944- 
1945 there were 8,703 admissions and 3,069 
returned from parole or escape There were 
5,397 patients paroled and 2,524 discharged 
from parole m that year Tims, any existing 
reservoir of mfection m mental mstitutions 
constitutes a potential hazard to the non- 
tuberculous resident patients and employees 
and to the population at large Durmg an 
eleven month survey begun in 1946, 25,914 
chest photoroentgenograms were made of 
mental patients m 7 hospitals Of these, 2,139, 
or 8 25 per cent, were found to have evidence 


of pulmonary tuberculosis This represents 
previously unsuspected cases, inactive as well 
as active, but does not mclude calcified pri- 
mary lesions, pleural effusions, or pleural 
thickening Of 4,832 patients surveyed, 622 
had been residents for a maximum of only six 
months and this prevalence (1 6 per cent) can 
be considered essentially the prevalence on 
admission This is higher than general popula- 
tion surveys but is about the same as that 
found m general hospital admissions The 
prevalence of tuberculosis m the group resident 
for five years or more was 8 8 per cent, m 
contrast to 3 0 per cent among those resident 
less than five years Prevalence of tuberculosis 
was higher among patients with dementia 
praecox, probably because they are hospital- 
ized longer and therefore have greater oppor- 
tunity for exposure Fifty-five per cent of the 
cases discovered were classified as minimal, 
36 per cent as moderately advanced and 9 
per cent as far advanced One-seventh of the 
cases showed evidence of cavitation and 
another 5 per cent were suspicious Among the 
far advanced cases 71 per cent had cavitation 
The cavitary cases represent more than one 
per cent of the total resident population of the 
hospitals Of 3,321 employees, 2 7 per cent had 
evidence of reinfection tuberculosis In the 
hospitals showmg a lugher prevalence among 
patients, there was also a higher percentage of 
cases among employees Conclusions reached 
were (i) all new admissions must be X-rayed, 
(2) all resident patients should have films 
taken, and (S) all patients ivith communicable 
tuberculosis should be segregated — Tubercu- 
losis control program of nine California mental 
institutions {results of initial chest X-ray 
survey), W R Oechsli, U S Pub Health 
Rep , January 7, 19Z9, 64 4 — (R A Rouff) 

Tuberculosis Control — The U S Pubhc 
Health Service is engaged m the followang 
tuberculosis control activities (1) Roentgeno- 
graphic surveys m 92 Amencan cities with 
populations over 100,000 An attempt is made 
to obtam a chest roentgenogram of everj’’ indi- 
vidual over the age of 15 m each community 
Of the lesions wluch required further study. 
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80 per cent were unknown before the survey 
(2) Investigations on BCG as an immunizing 
agent against tuberculosis The vanous 
methods of admmistenng the raceme are 
bemg evaluated Attention is called to the im- 
portance of special control measures to be 
taken m mental hospitals where the mortahty 
from tuberculosis is often 10 times the rate for 
the general population Sun'eys of the tubercu- 
losis control activities m the vanous states 
reveal a great divergence in the efficaej' of the 
different control programs The U S Public 
Health Semce supplements the activities of 
the states, where necessary — Summary of 
tuberculosis control activities, F J Weber d 
R J Anderson, Am J Pub Health, April, 
1948,38 512— (ilf B Lune) 

Eradication of Tuberculosis — The tubercu- 
losis mortality m Minnesota was reduced from 
120 per 100,000 m 1911 to 20 m 1947 This 
was accomplished by (/) isolatmg infectious 
cases, (2) tracmg the sources of contagion for 
ill children and adults, (S) ehmmatmg ex- 
posure to infected domestic animals, and {4) 
usmg roentgenographic surv eys In the past 30 
years, the mortahty m children was reduced by 
88 per cent, and m mfants bj 93 per cent The 
morbidity from tuberculosis is so reduced 
that many beds m the state sanatonums are 
vacant In the twenties and thirties many 
student nurses m the medical school dei eloped 
tuberculosis, this is a rare occurrence at 
present Furthermore, the attack rate was as 
high as 100 per cent among the non-rcactmg 
nurses, it is now only 5 per cent Thirty-tlirce 
per cent of begmnmg medical students reacted 
to tubercuhn m 1928, in 1946 only 6 per cent 
were positn e The rate of positiv e reactions m 
grade school children has dechned from 47 to 7 
per cent m a similar period — EradKotion of 
tuberculosis by epidemiological methods, J A 
Myers, Am J Pub Health, April 1948, 38 
516 — {M B Lune) 

Relapse In Pulmonary Tuberculosis — 
fi\G year follow-up study was made of 256 


patients whose sputum had contamed tubercle 
bacilh Of these, 73 had been dischaiged as re- 
covered to return to full work, 52 as quiescent 
to resume full work, 17 with activ'e disease to 
do full work, 35 with limited workmg capacih 
to have ranous stages of activity, and 79 
others, mduding those totallv mcapacitated 
In the recovered group, S cases relapsed In 
the qmescent group, one-third recoiered, 
another third remamed quiescent, and the 
remamder deteriorated Of the patients with 
active disease who returned to full work, one- 
half died Smee 10 per cent of "recorared” 
cases break down withm five years, more may 
relapse later, suggesting that a constant check 
IS necessary In 9 of a group of 14 relapsed 
cases which were studied closely, there were 
features of the patients’ life situation which 
were conducive to breakdown A case of tu- 
berculosis must be considered a long-term 
habihty from the newpomt of working ca- 
pacity ’ — Relapse in pulmonary tuberailons, 

W Tatlcrsall, Tubercle, Apnl, 1949, 30 
74 — (A 0 Cohen) 

Rehabilitation of Tuberculous Patients — 
The author conducts a resettlement chmc for 
tuberculous outpatients m Wallasley, a 
borough with a population of about 100,000 
A "score card” is made up for each new pa- 
tient Its components, uath the maximum 
grade for each, arc prognostic index 50, 
respiratoiy and circulaton index 20, «ork 
mdex 10, and home index 10 Tins is used onh 
as a guide smee each case has to be considered 
mdixadually 4. large proportion of persons 
with pulmonary tuberculosis arc capable of 
norkmg m industry and no single factor 
determines employability 4. posituc sputum 
reduces it but is not per sc disabling After 
discharge from the sanatoniim, the patient 
attends a sheltered workshop until he gradu- 
ates into ordinary industn —Reab'emcni of 
tubaculous palienls, R Grcnnlle-Malhers, 
Lancet, April e, 1949, 1 488 -(A G Cohnt) 



THE SURGICAL TREATMENT OF RECURRENT AND CHRONIC 
SPONTANEOUS PNEUMOTHORAX OF NONTUBERCULOUS ORIGIN' 

RICHARD H MEADF, JR , and BRIAN B BLADES 
(Received for pufahcation Juh 29, 1949) 

Introduction 

Spontaneous pneumothoia\ is a famihai subject to all ivhoaie mteiested in 
chest distill bances The fiequencv uith which it occuis m appaientty healthy 
people, and its usually benign couise m such instances, is m sti iking contiast 
to its appeaiance m cases of fai advanced tubeiculosis In the lattei, spontane- 
ous pneumothoiav is of seiious impoit and not infiequen% is a landmark on 
the load to death In this gioup the undeil}ung disease is of pai amount impoi- 
tance In the nontubeiculous cases theie is fiequentl}’- no seiious undeilying 
disease 

Spontaneous pneumothoi a\ of nontubei culous oiigin maj" be giouped into 
tliiee simple classes In the fiist aie those cases in which theie is a single attack 
fiom which the patient leeoveis without incident oi sequellae In the second 
gioup aie those in which theie aie lecuiiing attacks These may be ot shoit 
duiation, mteifeie little wuth the patient's activities, and lequiie little tioatment, 
01 they may lequiie aspiiation of the an In some cases, howevei, the pneumo- 
thoiax peisists foi weeks oi months and makes the patient an imalid Ihese 
lequne some foim of treatment that will piei ent the lecuiience of the pneumo- 
thoiav aftei ic-e\pansion has been obtained In the final gioup aie cases m which 
a pncumothoia\ develops and the lung fails to ie-e\pand spontaneously oi aftei 
lepeated aspiiation of an Foi these, the wiiteis believe open opeiation should 
be used although man}' cases have been lepoited in which ie-e\pansion has fol- 
lowed the induction of a chemical pleuiitis 

Since Spengici (6) in 190G suggested the use of silvei nitiate injections to in- 
duce a chemical pleuiitis to pievent the lecuiience of pneumothoiax of non- 
tubei culous oiigm, this and vaiious othei agents have been used with consideiable 
success The undeiljung patholog}' m such cases has usually been a localized 
aiea of emphj'sema oi scatteied emphysematous blebs on the sin face of the lung 
In 1939, Hennell and Steinbeig (4) lepoited the successful tiealment of 5 cases 
of lecuiient and cliiomc, tense pneumothoiax by means of injections of glucose, 
iodized oil, 01 one followed by the othei Block (3) in 1948 leviewed the subject 
of the tieatment of these foi ms of pneumothoiax and lepoited the laigest senes 
of cases in the hteiatuie Among 71 cases of spontaneous pneumothoiax of non- 
tubei culous origin, he piesented 4G chionic cases and 25 lecuiient ones In 8 of 
the cluomc cases theie w'ere laige cysts winch lequned excision, oi loliectomi' 
All of the othei s wcie tieated by the induction of a pleuiitis with sihei nitiate 
The tieatment pioied successful in all cases 

1 Fiom the Chest Suigicil Sei vices of Balter Reed General Hospital and of Ivennodi 
Geneia! Hospit il 

6S.3 
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In the piesent comnnmication, IS cases of spontaneous pneumothoia\ aie 
piesented In 8 the pneuniothoiax \\as lecunent, in 11 it was chronic Opeiation 
was peifoimed in all Three of the chiomc cases had bionchiogenic CTsts which 
had to be excised, oi treated by lobectonn In 6 of the chionic cases it was 
necessary to do decoitications of the lung in oidei to bring about its expansion 
A brief leport of these cases will be gnen and the management of these forms 
of pneumoihoiax will be discussed 

Origin of noniubcrcuJoiis pimimoUwrax Tiie ongin of tlie usual case of spontaneous 
pneuinothoi ix not due to tuberculosis is the rupture of a peripheral ur aac ui the pres- 
ence of a free pleural space Such dilated al\ eoli are knowai to occur frequent^ in normal 
lungs Their rupture as the result of a sudden increase in intra-ab eolar pressure is not 
lemaihable "tMien this e\ent is not associated wath the presence of some inflammaton 
process in the underhang lung or pleuia, there is collapse of the lung and the leak be- 
comes sealed The mptured area heals and the lung re-e\pands Wlien there is under- 
hing emphjsema, or some chrome uiflammatorj process, the decrease m \atal capaciti 
may be sei ere How e\ er, unless the air is leaking from an iin oh ed area, it tends to stop 
quieklj and the lung re-e\pands Ruptures of aieas in parts of the lung affected bi actn e 
inflammatoiy processes wall usualb result in a p\ opneumothorax, or hemopneumothorax 
which wall not be consideied in this presentation 

Obseri \tions 

The management of cases of recuiient pneumothoiax of short diuation usually 
does not imohe suigical piocedmes Consei\ati\e measuies usualh’- suffice 
These include the injection of various iiritatmg substances, such as sih ei mtiate, 
glucose, and iodized oil, aftei it has been demoastiated that the lung can le- 
expand 

The cases of lecuiient pneumothoiax of lougei dm at ion can be moie ceitainlv 
cuied bj* open operation, as the underhung cause of the leak can be collected 
and piovisions made foz maintaining the expansion of the lung Eight of oui 
patients had this type of lecuiring pneumothoiax, and all weie subjected to 
opeiation The3 had pleuial pouch age with talc and sulfanilamide had this m 
combination with lesection of the leaking emplnsematous blebs oi had simple 
excision of the blebs 

Chronic pneumothorax means that the lung lemains collapsed md shows no 
tendenca^to le-expand Theie weie 11 patients m this gioup Although tubercu- 
losis was suspected and seaiched foi m each case, it was not found In general, 
the two mam causes of the pneumothorax were the peisistence of a bioncho- 
pleuial leak, and/oi the encasement of the collapsed lung m adhesions, oi an 
melastic membiane which prea ented its le-expansion These factoiy will be coii- 
sideied m the piesentation of the individual cases 

In piesenting oui cases we shall gioup them accoidmg to the tvpe of pneumo- 
tlioiax and accoidmg to the undeilvmg etiological factois Onh the essential 
featuies will be gnen and the illustiations will be limited to examples of the 
difteient types of cases With one exception all of the cases being lepoited weie 
seen m army hospitals during the last w ai Long follow -up studies haa e not I eeii 
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possible m evei}^ case, but they aie consideied to lu\ e been of sufficient lengtli 
to allow foi a reasonably satisfacfoi 3 ’^ evaluation of the lesuKs In no instance 
ha\e we been awaie of the lecuiience of the pneumothorax aftei oui suigical 
tieatment There veie no deaths and no serious complications 

RECURRENT SPONTANEOUS PxX'EUSIOTHOR XX 

Eight patients iiho had lecuiient, spontaneous pneumothoiax neie tieated 
by open thoiacotomy In none of them nas theie evidence of any undeil.Mng 
dnonic disease In 3 instances no cause foi the pneumothoiax could be found 
In the othei 5 cases eraphvseraatous blebs veie thougiit to lie the souicc of the 
pneumothoiax 


Etiology Unknown 

Of the patients in vhom no etiological factoi could be found, the first nas 
21 yeais old and had had five lecuiiences of his pneumothoiax uithm thicc 
yeais The second also vas 21 5 ’-eais old and had had two attacks m one 3 mai 
The thud was 23 veais old and had had thiee attacksin two \eais The 3 weie 
opeiated upon and, aftei it was deteimined that the lung could fully ic-expand, 
the entile pleuial suiface was dusted with tale mixed with 0 3 Gm to 10 Gm 
of sulfanilamide ci 3 '’stals The chest wall was then closed without diainage The 
lungs icmaincd expanded and theie was no need loi thoi iccntcsis The\ were 
followed foi pciiods of ten, twehc, incl seventeen months without signs of ic- 
cuiience 


Emphysematous Bleb 

In the next gioup of patients a single emphysematous iileb w is loiisideicd to 
be the ctiologicil agent in one, and in the othoi theie weie foiii blobs {figures 
1 and 2) The fiist patient was 2t) xeais old and hid h id three attacks of jmeu- 
mot hoi ax between Xoxembei 1942 and Max 1943 The second was 29 \e old 
and had had foui attacks between Jinuaix 1943 and Deccmbei 1911 In iiolli 
cases the blebs weie excised <ind the defects sntiiicd \ftci complete ic expul- 
sion of the lung, the chest w ill was closed m laxeis without diain ige In neithci 
case was aspnation of the chest necessux aftei the operition Xo long time fol- 
low-up was possible m oithei case, but it wa*- extiemeh iinlikelx th it theie w is 
a lecuiiencc is the men weie still m the umx uid would hue been refirnd 
hick to one of us if theie had been inx fuither fiouble 

In the fin d gioup of c wes of leciiiient pneuniothor ix, tiie hiinr-' wu< found to 
luxe so minx iilchs on then suifaie- tint lemox d of them w not itteniptcvi 
liisteid, the ploiii d suifues weie dusted with t ih md '-ulf inihniide dter it 
had been demon^ti ited tint the lungs umld be fuliv cxpinded ui'l tin ihc'-t 
w ill closed without di iinige 9 he til's! pitient in thi^ group w is i )f-x<Mr old 
woman who hid hid thiee lecuneiues m fourteen monih" llci hit iippir lobe 
w IS tound to be coxeicd with sm ill bhstei-hke bleb- >hf luaalc d no ihonei nte 
SIS itto! opei ition and was followed foi eight month- without cxideini of n 
cuuoiue 1 ho -ei Olid p itient x\ i- i Jl-xeir old in m who had h id four a>t n k- 
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of pneumothoiav m eight months His left uppei lobe ms found to be paitlv 
coAeied Mith small blebs Following his opeiation, his pleuial caMtA^ had to be 
aspnated once He letuined to mihtaij’- dut3’' and had no lecuiience duiing the 
tAAenty months he A\as folloA\ed The thud patient A\as a 31-Aeai-old pliAsicnn 
who had had tA\o attacks m two veais He was opeiated upon a month aftei 
the onset of his second attack and while a small pocket of pneumothoia\ pei- 
sisted His light uppei lobe was found to be paith" coAeied with small blistei- 
hke blebs and a fistula w^as seen w Inch w as thought to be the site of leakage of 
the an and to haAe been due to a luptuie of one of the emphA’’sematous blebs 
The fistula w as closed bj^ sutuie and the lung found to be completeb’’ expandable 



Fig 1 (Left) Roentgenogiam of chest of patient with lecurient pneumothorax showing 
marked collapse of the right nuddle and lower lobes 

Fig 2 (Right) Photographs of blebs excised from the suifaces of the right middle and 
lower lobes of the patient whose loentgenogram is shown in figure 1 

The uppei lobe was then “iced” ivith talc and sulfanilamide and the chest wall 
closed AAuthout di amage N o postopei atn e thoi acentesis w as necessai y Although 
no follow -up w as obtained in his case, he w as a pliA’^sician and had been insti ucted 
to contact one of us should he hat^e fuithei tiouble 

These cases weie all lecuiient in type, and befoie opeiation it A\as known that 
the lung could fulty le-expand oi had fulty done so The pioblem was to ensuie 
the maintenance of this fulty expanded position apphnng niitants to the 
suiface of the lung, an inflammatoij'^ leaction was staited that lesulted in thick- 
ening of the Msceial pleuia to such an extent that fuithei uiptuie of peiipheial 
blebs could not take place The possibility that the lecuiience of the pneumo- 
thoiax was piexented bj^ the pioduction of a pleuial sj^plpsis must also be 
consideied Ceitamty the pleuial leaction must pioduce a tempoian sxmiplivsis, 
bAit that this may not be peimanent is seen m many cases of empyema in winch. 
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GA en aftei siugical diamage, full lestoration to noimal seems to occui Also cases 
of pneumothoiav have developed aftei appaient recoveiy fiom an empyema 
Hennell and Stembeig (4) lepoit a case m which, following the disappearance 
of fluid fiom the chest of a patient with a diained, postpneumonic pyopneumo- 
thoia\, the pneumothoiav peisisted until a chemical pleuntis vas cieated bj’- 
the injection of iodized oil This case would seem to indicate that the closure of 
the bioncliopleuial fistula bj’- the chemically induced pleuntis vas more impoi- 
tant than the noimal tendencj’' to pleuial sj^physis as the result of the pie- 
e\istmg emp^ ema 


CHRONIC SPONTANEOUS PNEUMOTHORAX 

The cases of tiue, chionic spontaneous pneumothoiax, in which it nas im- 
possible to bung about ie-e\pansion of the lung befoie opeiation, numbeied 
eleven and can be conveniently divided into tno mam gioups In the one neie 
those in which a definite souice foi the pneumothoiav could be found and, in the 
othei, those m which it was impossible to deteimine its oiigm 

Source of Pneumothoiax Knoion 

The cases foi which a definite souice of the pneumothoiav could be found 
included 3 m which theie was a leaking bionchogenic cyst, one with a lealung 
emphysematous cyst, one m which a band adhesion appaienth maintained the 
patency of a bioncliopleuial fistula, and 4 in which small leaks m the sin face of 
the lung could be detected 

Ruptuic of puhnonaiy cyst The cases m which the cause of the pneumothoi iv 
was most obvious weie those m which theie had been a niptuie of a pulnionaij 
cyst In 3 the cj’-sts weie bionchiogenic, and m one they weie cnipln senntoiis 
In the bionchiogenic ones the pioblem was meielv that of lemoiing the c^st 
In 2 it was possible to do so without saciifice of lung tissue, but in one it was 
necessai v to do a lobectomj" In none of these w ei e thei e an% adhesions w Inch 
inteifeied with the ie-e\pansion of the lung In the case of the emphj sematous 
cysts the chief obstacle to ie-e\pansion of the lung was its encasement b^ bind- 
ing adhesions 

The hist of the gioup, chi onologically, was a 31--ven-old man who had hid a 
pneumothoiav foi siv months befoie opeiation In addition to dispnea, he had 
had hemoptysis, cough pioductn e of pus, fei ei, and chills foi the fust siv weeks 
At opei ation the left uppei lobe w as found to be kngely i opiated bj a c\ st w Inch 
had luptuied and fiom which in had c'^caped The uppei put of the lower lobe 
was studded with small tists The uppei lobe was lesetted and closed dianiage 
of the chest established His lung piompth cvpaiided to fill Ins chest but roent- 
genogiams showed OMdence of i mst m his opposite lung, whith had not been 
appaient befoie opeiation Pvelogiaphic studies re\ealed apparcnth intom- 
plcte lotitiou of his kidne\s uid biznie defoimitics of the pel\c<; ind cihcc^ 
The stiuh of the lescctcd lobe and these other findings would phce this tise 
in the gioup of true tongenital t\sfic diseisc of the lungs He was evaniined 
nineteen months iftei the opei ition ind found to ha^e no cmcIcikc of further 
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chest disease A yeai ]atei he still had no CMdence of leciiiieiice of his pneumo- 
thoiax 

The next 2 patients Mith bi onchiogenic c3"sts iieie diagnostic pioblenis, but 
then management u as simple The fiist n as 46 j eais old and his sjanptoms y eie 
all gastiointestmal, the pneumothoiax had peisisted foi foui months befoie his 
opeiation Closed thoiacoscop3' shol^ed a laige c3"st collapsed against the sui- 
face of the deflated light lung At opeiation one month latei, the cyst uas found 
to be intact and occup3nng the entne pleuial caMt^^ It aiose fiom the uppei 
lobe neai the oiigin of the bionchus to this lobe Its Malls contained islands of 
caitilage and the lung aiound the base of the C3’-st felt as if it contained an ab- 
noimal amount of caitilage The c3’-st Mas excised Mith a minute amount of 
lung tissue and the chest Mall Mas closed Mithout diamage aftei the lung had 
been fulty expanded No postopeiatne aspnation of the chest Mas necessai3% 
and the lung lemamed expanded up to the time he Mas last seen, tMo months 
aftei the opeiation 

The thud of the patients Muth bi onchiogenic C3’^sts had S3’'mptoms suggesting 
coionar3^ aitenal disease He Mas 40 3’-eais old and his fiist attack of seveie sub- 
steinal pain, Math ladiation to the left aim. Mas leheved b3' nitiogb ceiine No 
roentgenogiam of the chest Mas taken at the time, but an electiocaidiogiam Mas 
made Mhich shoMed no abnoiraaht3’- and he Mas letuined to dut^' This Mas m 
Maich 1944 Anothei attack occuiied in se\en months and again the electio- 
caidiogiam Mas noinial, but this time a loentgenogiam of the chest Mas made 
M'hicli shoM^ed eiadence of a c3’-st, oi a localized pneumothoiax Tmo months 
latei at Kenned3’- Geneial Hospital, studies shoMed no evidence of heait disease 
but the loentgenogiam shoMed a pneumothoiax in the light uppei chest Closed 
thoiacoscopy levealed a pneumothoiax and a paitly collapsed cyst ansing fiom 
the light uppei lobe Foui da3’'s latei the C3’^st Mas lesected b3’- cutting acioss a 
base of noimal-lookmg lung tissue The middle lobe Mas seen to ha^ e a smallei 
lobe pi ejecting fiom its loMei anteiioi suiface, and the loMei lobe Mas almost 
completel3'' divided into tMO One of the loMei lobes Mas letiocaidiac in position 
Theie A^as no CAudence of anthiacosis m this lung in spite of the fact that the pi- 
tient had liA'-ed in cities most of his life His coni alescence m as uiica entful, and 
thiee months latei his lung Mas still fulh’’ expanded and he had had no moie 
S3Tnptoms of an3’’ kind 

The final patient in this senes aajs a 55-3'eai-old Russian plumbei In the 
eAmmng, folloAAing a stienuous afternoon in A\hich he had lifted a lieaAV boilei, 
he suddenb’’ became shoit of bieath Not until ten da 3 ’^s latei AAas the cause foi 
his d3’^spnea found Aihen a loentgenogiam of his chest shoMed an extensue 
pneumothoiax Repeated aspnation of the an onl 3 ' gaA'e tempoiai 3 lelief and 
he had continued as a chionic inA ahd He aaus fiist seen b 3 one of us Ha e months 
latei He Mas found to liaAe an extensiA^e pneumothoiax (figuie 3) Befoie op- 
eiating on him it Mas decided to ti3^ the effect of continuous decompiession 
This onty lesulted in his deA^eloping an extensile inteistitial emph 3 'sema as the 
ail undei piessuie escaped along the tiact of the needle Appaienth , the fix itioii 
of his mediastinum and the piesence of adhesions binding his lung to a pait of the 
chest Mall saA'ed him fiom the usual effects of a tension pneumothoiax 
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^\hen he w is opciatcd on si\ (i<ns lalci Ihc lung was collapsed except for 
e\{cnsi\e alt uhmonts of the uppei lobe to llie Utcial chest wall Theie weie a 



Pig 3 (Uppei left) Roentgenogrim of chest of pntient with chiomc pncuraothoiax due 
to rupture of a I irge empln sematous c\st \dhesions pievent the complete collapse of the 
uppei lobe 

Pig 4 (Uppei light) Roentgeiiogi am of the chest of the same pitient the first morning 
after the operation showing the lung srmmetricalh collapsed and maiked inteistitial 
emphysema 

Pig 5 (Lowei left) Roentgenogrim of the same chest five da^s aftei opei itioa, showing 
complete re expinsion of the right lung and a small amount of mteistitial emplnsema 

Fig 6 (Lowei right) Roentgenogiam of the chest of the same patient eighteen months 
after his opciation Xo abnoim ilities iie noted except foi the rib defect pioduced bj the 
operation 


number of laige cysts buiied in the lung and an w'as found to be escaping fiom 
the laigest one The opening was not obvious Although the only way m which 
the C 5 ’'sts could be eiadicated was by total pneumonectomy, this w'as not possible 



690 


MEiDE BL\0ES 


as theie ^\ele thought to be laige c^sts m the opposite lung Accoi dingl^^, the 
lung \\as decoiticated and the c^st^c aieas infolded into the noimal appealing 
lung suiiounding them Attempts to sutuie the aiea horn nhicli the an uas 
thought to be escaping weie futile but the aiea was infolded as iveie the c^sts 
Follo^Mng these pioceduies the lung could be expanded without mteifeience, 
but full expansion iras not attempted because of the dangei of teaimg the su- 
tuied aieas Closed diainage was established with a single tube wdiich was con- 
nected with a watei tiap 

Foul houis after the opeiation he had developed extensive mteistitnl emphv- 
sema which was piogiessive and only came undei contiol aftei anothei diaimge 
tube had been mseited into his pleuial cavit3'‘ (figuie 4) Fiom then on he lap- 
idl}’- ieco\ eied, and at the end of five da3^s the lung was fully expanded (figuie 
5) and has lemained so evei since A loentgenogiam of his chest eighteen months 
aftei the opeiation (figuie 6) shows the piesent appeal ance of his chest This 
case emphasized the need foi decoitication m such cases of chiomc pneumotho- 
lax, and moie especially showed the need for ieall3’- adequate closed diiinige 
when the souice of a tension pneumothoiax cannot be definitel3’' eiadicated 

Among the othei cases m which it w is thought that a definite souice foi the 
pneumothoiax could be deraonstiated, the fiist w is a 37-yeai-old mvn who had 
had thiee attacks of pneumothoiax duiing a peiiod of six months and whose 
lung had shown no teudenc3' to le-expand following the last episode Roent- 
genogiains of his chest showed an extensive pneumothoiax on the light with a 
band adhesion lunning fiom the uppei pait of this lung to the chest w ill On 
thoiacoscop3' the adhesion was seen to be ansing fiom i lathei iioinnl-lookiiig 
aiea of lung and no evidence of a fistula could be found The adhesion was di- 
xided and the lung collapsed S3’’mmetiicall3’- Giadual re-expansioii of the lung 
occuned and the patient w as dischaiged wath a noimal-appeaiing chesl loent- 
genogiam No follow-up obsenations haie been obtained in this case although 
he was opeiated upon m No\ erabei 1943 The peisistence of the pneumothoiax 
in this patient was thought to be due to the luptuie of a peiipheial bleb and 
the maintenance of the patenc3' of the opening 63’^ the att ichment of tlie adhe- 
sion to the edge of the defect Although no fistuli could actmllv be seen, the 
sequence of e\ ents w ould tend to suppoi t the h3q)othesis idv meed In c ises of 
tubei culosis, tension pneumothoiax has been successfully treated in tins mannei 
m a numpei of cases 

Penphcral fistula or bleb Tlicie weie 4 cases in which the peisistcnt pneumo- 
thoiax was found to be due to definite leak of air from a peiiphei il fistuli 01 
fiom a peiipheial bleb In each it was possible to dose the defect In sutuie 
and to bung about le-expansion of the lung The first of these w is a 2o-\ eai-old 
man who was discmeied to Ime a pneumothoiax in Tune 1942 He was caie- 
fulh studied in two hospitals ind effoits were made without success to cause 
le-expansion of his lung He was findb opeiated upon in Decembei 1913 
A small bleb was found on the extieme apex of the light uppei lobe fiom winch 
ail could be seen to escape when this aiei w is cox ered with normal silt solution 
The aiea was imeited with catgut sutuies and fuither covered with a piece of 
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muscle ivlucli uas held m place “tissue glue” (Sano (5)) made fiom a sus- 
pension of the patient’s led blood cells and plasma This “tissue glue” was also 
applied to the entiie suiface of the uppei lobe and the adjacent paiietal pleuia 
The pleuui else\\heie Mas vigoiousty lubbed Avith di}" gauze to produce a pleuii- 
tis The lung Mas inflated and the chest M'all closed Muthout diamage Small 
amounts of fluid had to be aspnated fiom the pleuial cavit}’’ on turn occasions, 
and the lung giadualh completely ie-e\panded He M^as letuined to active duty 
m the aimy and fouiteen months latei lepoited that he M-^as in excellent health 
and had had no fuithei attack of pneumothoiax 
The next patient m this gioup M-as 34 3^eais old He had had his pneumotho- 
iax foi five months and, aftei all attempts to bung about le-expansion had 
failed, he Mas opeiated upon His lung M^as found to be completelj^ collapsed 
and the an undei positive piessuie A bleb Mas found in the depth of an incom- 
plete fissuic betiveen the left uppei and low^ei lobes and an was seen to be escap- 
ing fiom it This aiea was buiied bj'' means of catgut sutures and fuithei cov- 
eied Mith muscle and pleuial giafts Other blebs M'eie seen on the suiface of the 
lung but none alloM ed the escape of an The lung could not be inflated because 
of the piesence of an inelastic membrane M'hich coveied the posteiioi and me- 
dial aspects of the lung This M'as incised and peeled oft the lung, alloiving it to 
le-expand Closed diamage of the pleuial cavity Mas established and the chest 
M'all closed Re-expansion of the lung pioraptly occuiied, and he M^as returned 
to duty He M'as folloMed foi six months Mithout evidence of lecinrence 
The thud membei of this gioup Mas a jmung man Mdio had had a pneumotho- 
iax of vaiymg extent foi moie than a yeai befoie being admitted to Kennedy 
Geneial Hospital in June 1944 All attempts to le-expand the lung having failed, 
he Mas opeiated upon and the lung found to be adheient postenoily A definite, 
small opening m as found m the midst of a loughened aiea on the anteiolateial as- 
pect of the left loM'ei lobe fiom mIucIi an Mas escaping This aiea Mas closed Mith 
mtenupted sutuies of fine silk and le-enloiced Mith tMo muscle giafts The 
loMei lobe Mas pievented fiom le-expansion bv the thick membiane uhieh cov- 
eied its loMei pait This Mas iemo%ed Mithout difficulty alloMing the lobe to 
be fully inflated Some oozing had peisisted fiom the aiea in mIiicIi the fistula 
had been sutuied m spite of the sutuies and muscle giafts Accoidingly, a single 
piece of oxidized gauze (Oxycel) Mas placed ovei this aiea and the oozing 
piomptly stopped Aftei establishing closed diamage, the chest Mall Mas dosed 
m lajmis The lung Mas sIom in le-expandmg and lequucd actne suction diain- 
age and aspiiation of an fiom the uppei pait of the pleuial cacitA bcfoie com- 
plete le-expansion Mas established aftei tMo months lie Mas discharged fiom 
the hospital in hToiembei 1944 A loentgenogiam of the chest m Septombei 
194G shoMed no abnoimahties and he iias seen in hliich 1947 iftei baling liad 
no fuithei lecuiience of ins pneumothorax 

The last in this paiticulai gioup Mas a lo-ceu old man admitted to Kcn- 
ncd\ Geneial Hospital Mith a spontaneous pneumothoiax of foui months’ 
duiation (figuic 7) Repeated aspnalion had failed to Ime un elTcct on the 
pneumothoiax An exploiaton thoiacostopvshoMccl thelung to benonexpinsile 
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but 110 fistulu could bo seen Tin co m ggIvS Intel lie a\ ns opei nted upon niid the 
lung ^^as found to be encased m an inelastic membnne (figuie S) and neai the 



Fig 7 (Top) Rociitgenogrim of tiie chest of i pitioiit «itli cliioiiit piieumotIiori\ dtic 
to i luptured emplnsem itous blob 

Fig S fLo«er left) Photograph of the lung at opcrition sho\Mng the lo\\cr pirl of tlie 
lung encased in an inclistic membrane uluch pieacntcd its o\pinsion 

Fic h (Loner right) Photograph of the lung it operition showing the bleb from which 
ail w as esc iping 

npe\ of the uppei lobe u is in em pin senia tons bleli that billoonccl out wlicn 
the intiabionchial piessure was laiscd (figuie 9 ) Mthougli no an w is seen to 
escape fioni this bleb, it was thought that it piobibh w is the souitc of the 
pneuniothorav and this aica was biiiied in the lung piienclnnia In meins of 
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intciiupted sutuies of fine silk Because of its encasing membrane the lung could 
not be expanded until a decoi tication had been done This was accomplished by 
actual lemoval of the membiane m laige pieces and by incising the membiane 
in othei aieas and causing it to split fuithei bj'^ active expansion of the undeilj^- 
ing lung Complete le-expansion nas obtained Closed drainage was used and 
the lung lapidly filled the pleuial space and lemained expanded Tvo j^eais 
latei he had a spontaneous pneumothoiax m the opposite chest fiom which he 
piomptly lecoveied 

These 4 cases all showed evidence of the souice of their pneumothoiax, and 
in 3 the lung could not be expanded until aftei a decoi tication had been done 
In each of these cases the chief baiiiei to spontaneous le-expansion was the 
piesence of the mflammatoiy capsule, oi of an adhesion 

Soincc of Pncumotho} a% Unknown 

The othei mam dnision of oui cases of chionic pneumothoiax w'as made up 
of 2 m which no souice foi the pneumothoiax could be found, but in each of 
which the lung was piea^ented fiom le-expanding by binding adhesions oi a 
co\eimg membiane The fiist was a 23-yeai-old man wdio had had an acute 
uppei lespiiatoi}’- infection followed bj'- pleuiis}’- w’lth effusion The effusion 
cleaied but he was left wnth a chionic pneumothoiax Seven months latei he 
was admitted to Kennedy Geneial Hospital Aftei exhaustive studies to detei- 
mme the etiological factoi had pio\ed fiuitless and lepeated aspnation of an 
had had no effect on the pneumothoiax, he A\as opeiated upon, thiiteen months 
aftei the onset of his illness At opeiation no souice foi the pneumothoiax could 
be found, but theie weie dense adhesions binding the lowei lobe to the dia- 
phiagm and paiaveitebial legion Aftei dniding these adhesions, the lung could 
be full}' expanded Closed diainage was established and the chest w'all closed m 
Hj^eis Diainage had to be maintained foi two weeks befoie the lung fulh ex- 
panded Because of the symptoms of a psychoneuiosis, he was kept undei obsei- 
vation foi foul months befoie dischaige and theie was no lecuiience of the 
pneumothoiax duiing this time Attempts to follow him ha^e been unsuccessful 
It IS believed that the pneumothoiax developed dining the peiiod of the acute 
pneumonitis, that the effusion added to the collapse of the lung, and that the 
associated pleuiitis fixed the lung and piec ented its le-expansion after the ictn e 
infection had subsided The fluid was absoibed but the an lemained 

The othei patient in this small gi oup also w as 23 years old but he had ne\ ei 
had any illness piioi to the discoveiy of his pneumothorax This chscoceiv took 
pi ice oveiseas and he was letuined to this countn when the lung failed to le- 
expand Attempts to bung about le-expansion Iw lepeated aspnation of the an 
pioced ineffectual and he was opeiated upon fiie months aftei the onset of the 
pneumothoiax At the opeiation no eMdence of a fistula could be found oi of 
anv aiea fiom which it seemed an might hue escaped The lung w is encased 
in an inelastic membiane (figuie 10) Decoi tication was easih done and the 
lung completeh lemflated (figuies 11 incl 12) Closed diainage w is used foi x 
shoit time and the lung piompth le-cxpinded and remained so One \cn 1 iter 
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he Brote that he had been A\oiking foi some months and had had no fuithei 
trouble 


•r- 



Fic 10 (Upper left) Photognph of the lung it opcrvtion of piticnt with pneumothorix 
showing the collipsed lung encased in a membrane 

Fig 11 (Upper right) Photograph at operation showing the membrane being stripped 
from the surface of the lung 

Fic 12 (Bottom) Appearance of the lung after the decortication showing its normal 
markings 


Disccssion 

In the cases of leciinent pneumothorax m the present leport, it seems appar- 
ent tint the etiological factor was the ruptuie of a peiipheral blel> Following 
this uipture and the establishment of a pneumothoiax, the lung collapsed and 
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the site of air leakage became sealed Re-expansion then occurred The ensuing 
pleural reaction was not sufhciently great to prevent rupture of other blebs, 
however, or to produce s3>-mphysis of the pleural leaves and, when the intra- 
alveolar pressure again became suddenlj"- inci eased, the same bleb or another 
ruptured and pneumothorax again appealed The problem of the management 
of these cases was that of pi eventing further leaks from the lung and mainte- 
nance of the lung in its fully expanded state It cannot be denied that good re- 
sults in certain cases have been achieved by the induction of a chemical pleuntis 
mth silver nitrate, iodized oil, concentrated glucose solution, and by closed 
pleural poudrage with talc Nevertheless, it has been our belief that in cases of 
recurring pneumothorax of long standing, the open operative approach offers 
more ceitain success Such an approach allows for the direct study of the in- 
volved lung and definitive management of the presenting lesion Although a wide 
range of vision may be afforded through the use of the thoracoscope, the explo- 
ration can never be as complete as when the chest is widely opened 

Among the 11 cases of chrome pneumothorax, the site of leakage of air was 
apparent m 9 of them The rupture of large bronchiogemc or emphysematous 
C5ists occurring in 4 of the 9 cases was an obvious cause for the pneumothorax, 
and the size of the bronchial commumcation easily accounted for the chronicity 
At the same time, however, the size of the fistula should have allowed for infec- 
tion of the pleural space of sufficient degree to produce an effusion In none of 
the 3 cases with bronchiogemc cysts was this true In the case with emphysema- 
tous cysts there had been a pleural reaction of sufficient degree to produce 
binding adhesions, although at no time was there evidence of an effusion These 
adhesions would have been sufficient in themselves to prevent the lung from 
re-expanding even had the leakage of air stopped In 4 other patients air could 
be seen to escape from the lung surface, either from an eny?hysematous bleb or 
from an area of localized induration in the lung In the patient who had had a 
band adhesion divided by the closed method, no definite fistula was demon- 
strated, but the progress of the case and its similarity to certain cases of tension 
pneumothorax occurnng in patients with tuberculosis make it seem most likely 
that a fistula had been held open by the adhesion Healing of the fistula occurred 
after the lung had been allowed to completely relax, and the pleural reaction 
produced by the operative procedure caused the lung to adhere to the parietal 
pleura and should ensure against a recurrence of the pneumothorax 

In the cases of chronic pneumothorax in which no definite site of leakage 
could be found, it must be assumed that during the tune when the air was leak- 
ing from the lung an inflammatory process w^as in progress wffiich caused the 
formation of adhesions wffiich later prevented the lung from re-expanding The 
first of these patients had a definite pleural effusion before there w^as evidence 
of his pneumothorax He was treated wuth sulfonamides during this time and 
they undoubtedly played an important role in sterilizing the pleural caiuty The 
other patient had had no evidence of pleural infection at any time and had re- 
ceived no sulfonamides or pemciUin 

Aside fiom the persistence of a bronchopleural fistula, the other important 
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factor ID the pathogenesis of these cases of chronic pneumothorax was the trap- 
ping of the collapsed lung bj'’ adhesions or its encasement in an melastic mem- 
brane In 6 of the 11 cases it was necessary to do a decortication before the lung 
could be made to expand, even when the intrabronchial pressure was raised to a 
high level This experience is apparently umque if one is to judge from the litera- 
ture Except for Brewer, DoUey, and Evans (2), who reported their experience 
with 15 cases of cliromc, spontaneous pneumothorax at the meetmg of the 
American Association for Thoracic Surgery on Maich 30, 1949, no other authors 
have noted the importance of decortication in the treatment of chronic pneu- 
mothorax Brock (3), in his recent excellent article, was able to obtain re-e\pan- 
sion of the lung in each of his 46 cases without the use of decortication Fur- 
thermore, except in 8 cases associated with puhnonar 3 '’ C 3 '’sts which required 
excision of the cyst or lobectomj’’, he simply induced a pleuritis by means of 
the mjection of silver nitrate Also, Alexander and Haight (1), m the paper they 
presented before the American Trudeau Society in 1947, cited no case in which 
it was necessar 3 ’’ to do a decortication, although open thoracotomy ivas done in 
all of then- cases Why the present writers found 6 cases m 11 who needed de- 
cortication to allow for re-expansion of the lungs and Brock (3) found none in 
a much larger series is hard to understand Perhaps as our senes grows m size, 
the incidence of mcapacitating adhesions will decrease Certainly the recogmtion 
of this condition cannot be certam without open thoracotomj’’ and hence this 
approach is regarded as preferable 

The object of all therapj' is to return the patient to a state of health as safelj' 
and as quickly as possible Conditions in mdividual cases must always deter- 
mine the line of treatment It is also important to realize that radical surger 3 '' ma 3 ’' 
at times be more consenmtive treatment than uonoperative management In the 
senes of cases of chipnic pneumothorax reported by Hennell and Steinberg (4), 
in vhich intrapleural injections of glucose or of iodized oil, or of one followed 
by the other, were emplo 3 ’’ed, the convalescence required from one to six months 
In the larger senes reported by Brock (3) the duration of convalescence was 
shorter but the patients had to have repeated chest aspirations, and at times 
the chemical pleiintis had to be reinduced by further injection of silver nitrate 
The longest period of convalescence in any of our cases was two months and 
most of them were well within two veeks There has been no recurrence in any 
of the reported cases, or in our senes, and no serious complications 

SXJMMART 

1 Eight cases of recurrent spontaneous pneumothorax, and 11 cases of 
chrome spontaneous pneumothorax of nontuberculous origin, are reported All 
n ere cured by operative intervention 

2 The recurrent pneumothoraces -nere found to be due to the nipture of 
peripheral, emph 3 sematous blebs in 5 instances No cause for the pneumothorax 
was found in 3 patients 

3 In 2 recurrent cases the blebs verc excised In one, with multiple blebs, a 
6stula V as closed and the pleural surfaces covered with talc and sulfanilamide 
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In the lemaimng 5, 2 had multiple blebs and 3 had none, the pleural surfaces 
were coated with talc and sulfanilamide 

4 The etiological factors in the cases of chrome pneumothorax were rup- 
tured bronchiogemc cysts in 3, ruptured emphysematous cysts m one, mainte- 
nance of a bronchopleural fistula by the attachment of an adhesion to its edge 
in one, leakage from emphysematous blebs in 4, and no cause for the pneumo- 
thorax could be found m 2 mstances 

5 The bronchiogemc cysts were treated by excision of the cysts m 2 cases 
and by lobectomy m one 

6 The emphysematous C3'^sts were mvaginated and the lung decorticated 

7 The adhesion holding open the fistula was divided by the closed method 

8 The cases in which a defimte leak could be found were treated by suture 
of the mvolved area, and in 3 a decortication of the lung was also done m order 
that the lung might re-e\pand 

9 The 2 cases m which no cause for the pneumothorax could be found re- 
qmred decortication before the lung could be le-expanded 

Conclusions 

The writers believe that open thoracotomy should be done on all patients with 
recurrent spontaneous pneumothoiax of nontuberculous ongm if there is not 
prompt response to simple aspiration of the air or to the induction of a chermcal 
pleuritis In aU cases of chrome spontaneous pneumothorax of nontuberculous 
origin, it IS believed that opeiation should be done by the closed method only for 
the division of isolated adhesions and by open thoracotomy The open opera- 
tion makes it possible to deal with the etiological factor and to perform a decorti- 
cation in those cases in which it is needed It is beheved that binding adhesions 
play an important role m the chromcity of some cases 

SUMARIO 

La Asistencia Qmrurgtca del Neumotdrax Bspontdnco Rccurrente y 
Cromco de Ongen no Tuberculosos 

1 Los casos comumcados de neumotdrax espontdneo de ongen no tuberculoso 
comprenden 8 de la forma recurrente y 11 de la erdmea Todos curaron con la 
intervencidn cruenta 

2 Los casos recurrentes resultaron ser debidos a la rotura de flictenas enfi- 
sematosas, perifdricas, 5 veces, sin que se descubriera la causa en el resto 

3 En 2 casos recurrentes se excmdieron las flictenas En uno, con flictenas 
miiltiples, se cerrd una fistula y se recubrieron las superficies pleurales con talco 
y sulfamlamida De los otros 5, 2 tenian flictenas multiples y 3 no tenian flic- 
tenas, recubndndose tambidn las superficies pleurales con talco 3 sulfamlamida 

4 En los casos de neumotdrax crdnico, los factorcs etioldgicos fueron qmstes 
bronquidgenos rotuiados en 3, quisles enfisematosos roturados en uno, manteni- 
miento de una fistula broncopleural por la unidn de una adlierencia a su horde 
en uno, escurnmiento de flictenas enfisematosas en 4, sin que pudiera dcscubrirse 
la causa en 2 



698 


JIEADE AKD BLADES 


5 Los qiustes bronqmdgenos fueron tratados por e\cisi6n del quisle en 2 y 
por la lobectomla en uno 

6 Los quisles enfisematosos fueron mvagmados, decorticandose el piilmon 

7 La adherencia que mantenfa la fistula abierta fu4 despegada por el m^todo 
cerrado 

8 Los casos en que pudo localizarse un escurrumento bien definido fueron tra- 
tados por sutura de la zona afectada, y en 3 se practicd ademas una decorticacidn 
del pulmdn, a fin de que 4ste pudiera reexpandirse 

9 Los 2 casos en que no pudo descubrirse la causa del neumotorax exigieron 
la decorticacion para que el pubnon pudiera reexpandirse 
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THE SURGICAL IMPORTANCE OF THE ANATOMICAL DISTRIBUTION 
OF THE PULMONARY SEGMENTS* = 

EDWVRDM ICENT 
{Tlccei\ ccl for publication Maj 5, 1949) 

An nnitomical undci-standnip; of, and a imiversalb’’ accepted nomenclature for, 
the segments of the lungs are undoubtedly of little interest and importance to 
the member? of the medical profession as a ttliole Certainly these subjects have 
no interest to the lav public vhntsoo\er, nevertheless, those of us present today 
hate a Mtal interest in both With the lapid advances which have occurred in 
the medical and surgical treatment of diseases of the lungs, there has been a cor- 
rcspondinglv keen curiositj concerning the detailed anatomy of these structures 
For the most part, those who hav e been bitten by this bug of curiosity, this desire 
to understand more full}’ the anatomy of the lungs, have come from the fields 
of anatomy, broncho-csophagolog} , phthisiology, radiology, thoracic surgery, 
and from those interested in anv t}'pe of disease of the lungs All have con- 
tributed in full measure to the adv ancement of our Icnowledge m this sphere 
The actual anatomical factors liav’c prov'^ed to be univ'^ersally consistent by the 
ver}’ nature of things, and accoidingly, all inv’estigators have agreed rather com- 
pletely on the distribution of the segments of the lungs Naturally, as anatomical 
research continues, vc are confronted with an mcreasmg number of anomalies 
01 divereions from the pattern winch we have come to accept as normal Tre- 
menduous contributions have been made m our knowledge of the normal and 
atypical anatomy of the bronchopulmonaiy segments by Boyden and his co- 
workers (1, 2), Brock (3), Churchill and Belsey (4), Foster-Carter (5), Jaclcson 
and Huber (6), Scannell (7, 8, 9) and many others 
Tlie matter of amvong at a universally accepted nomenclature for the broncho- 
pulmonary segments has met with many obstacles There have been numerous 
classifications offered, some overlapping the others in part, but a few have been 
quite different and distinctive in teiminology Of course, all have repiesented the 
best thoughts on the subject by their vanous originators Time simply does not 
permit a review of the many diffenng systems of nomenelature m this communi- 
cation 

A revised edition of the Diagnostic Standards is m press at this time When 
this revision was undertaken, the editors placed the responsibility for the se ec 
tion of one of the many classifications of the bronchopulmonary segments upon 
the membeiship of the American Association for Thoracic Surgery The choice 
of this Association has been adopted for inclusion m the revised edition of 

'From the Department of Surgerj , Section of Thoracic Surgery, The University of 
Pittsburgh, School of Medicine, Pittsburgh, Pennsylvania 

= Presented before the Medical Section, as part of the symposium on Segmental Broncho- 
pulmonauj Anatomy, at the 45th annual meeting of the National Tuberculous Association, 
Detroit, Michigan, May 5, 1949 
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Dimnosiu htimiiiii'- 1 iiis i on-'uit led 'ulion of (ho oditois Ins hn'ii sin(piol\ 
ntnl 1)\ (ho nu'inhti'- of iho Vsson iticm foi 'Ihctriiu Sui)ioi\ \s i ioMd(, 
t m'fvd (oinidot iiion (tf (h( oii(nonn((oi h n (non undoU lUon fn'-( hv i spci nll\ 



1 If ■) ‘'olilov pulmon ir\ (\st of hkIiI lunp (\) (Upper left) P V \ie\\ (15) (Upper 

GRlit) LTtcril M( w sliowim iiosition iii supciioi scKineiil of ncht lo^\cr lobe \ segment il 
resection of tins unit \s is cmplo\eil to lonioec the e\st 

Uic f) ( \) (1 oi\cr left) Solitnrv round lesion in iipicil segmont of right lowci lobe 
Pitient IS 1 27-^el^ol(l mile (13) (howei right) Segment il resection of superior segment 
of right lower lobe remosed lesion in toto Fiorcn section rcvcnled lesion to be pspillnre 
idenocarcinom i of mctastitic oiigin \itordingh, no furthci resection was performed 
Had the lesion proved to be primirv pulmonarv malignnncr , totil pneumonectomy would 
hare been performed it this opeiation (Note \ primaiv site has not vet been found ) 

appointed committee, and hnallj by the membership of the Association at the 
annual meeting m New Oilcans m Maich of this yeai The unanimous vote of the 
Association appioved and adopted the Jackson-IIubei (6) system of teiminology 
In figures 1, 2, 3, and 4 miy be seen illustiations of the Jackson-Hubei classi- 
fication The meiits of this nomcnclatine include consistency, bievity, claiity. 
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and n ide acceptance m tins countij’- Since the necessity of a unn ei sally accepted 
and imdei stood single classification of the bionchopiilmonai:} segments is con- 
ceded on all sides, it is feivently to be hoped that umyeisal appioyal and adop- 
tion of the Jackson-Hubei nomenclatiue will follow' on this continent, and pref- 
eiablj , in the entiie w oild We must talk the same language in oidei that w e may 
understand each othei immediately and without the necessity of maintaining 
in our minds the teimmologj’- of numeious, diffeimg classifications 
The suigical application of this icnow ledge has piogiessed apace This has been 
elaborated upon by Blades (10), Oveiholt and Langei (11), and by many other 
coiitiibutois At the piesent time, the limitations and the o\ei-all scope of this 
suigical teclmique have not been evpiored wath finality All admit that it is of 
gieat impoitance in the suigical tieatment of extensive, bilateial bionchiectasis 



Fig 7 Sohf in tubcrculonn of lowcriobeof left lunp Kcsoction of <5upcrioi “legment of 
left lower lobe of lung resulted m complete cxtirpition of the lesion (X) (Loft) P X mow 
(B) (Higbt) Lateril uch 

In these patients, it is impoitant that all noun.il puhnonan ti^Mie he pie^ened, 
if possible It ins iiceii pointed out tint nnn\ such pitionts line supeiioi seg- 
ments of the lowei lobes which aie fiee of discise while ill oi some of the bisd 
segments are iinohcd in the disease piotess In i nnuh snnllei pcKonfige of 
paticntb, the basil segments ue free of disease hut the supeiioi segments show 
bionchicct ISIS Undei such ciicumstances, the principles of segmental rcseition 
become of gieat import ante and tod n tliet aiewadeh praitiicd Hoihddounto 
a few words, these pimtipies dictate the presen ation of normii Immi hopiii- 
monan segments whcio possible m such instances of extensne, biluerd hroii- 
chicctasis 

It must be admitted that there arc still cert un disada ant igcs cmnunteied in 
the ipphc ition of the pIInclpic^ enumerated aboxe Ciiief of these is a higliei in- 
cidence of bronchopleural fistula and postopcritne empaenn tinn is the ( I'c 
with lobcctonaa In addition, some surgeons hnae fomul tli it i prcaioiisla norm d 
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M»i>(-i!or ‘^’Cmcnt of the lower lobes Ins bceomc the site of bronchiectasis after 
setnnent'il rocection of th'-c-iH'd Ivnal units of the lobe This has been called 
(nclion bronchieeta^is In ‘^onic woikcrs Kergin (12) Ins revealed that this com- 
plication wa'^ of ‘^ome moment in his patients and he has adopted a method of 
cutunnp the superior segment of the lower lobe to the adjoining segment of the 
upper lobe to pro\cnt dntortion and excossne traction upon this presented seg- 
ment during the procc‘-s of rc-c\pamion of the lung after surgery 

Additional in'^tanccs in which segmental resection Ins met with wide applica- 
tion include cert un t^ pes of solitary pulmouar\ cysts (figure 5) , sohtarj’’ metas- 
t,vse« (figure G), soht«rv tuberculomata (figure 7), quiescent, sohtar}" pulmonary 
ab'-ee«tcs and m certain benign piilmonarj. neoplasms such as hamartomata 
and fibromata 


bUMMAm 

1 Anatomical luiowlcdge of the ttTucal distribution of the pulmonary seg- 
ments Ins lioen stabihrcd 

2 Afvpical or anomalous pittenis for the bronchopulmonary segments are 
continuallv under im estigation and the findings are being placed m the literature 
and wall continue to be so explored and reported 

3 A uni\ersall\ accepted and adopted sxstem of nomenclature of the seg- 
ments of the lungs is impcratn e A. plea has been made in behalf of the Jackson- 
Huber classification 

1 The surgical application of “tegmental pulmonaiy resection has been dis- 
cin«od bricfli and its adiantagos and disadvantages have been enumerated 

sxnuuto 

ImporlaTicia Qiuritrqica dc la Dislribuadn Analoimca de los Segmentos 

Pidmonarcs 

1 Nucstros conocimicutos anatdmicos de la distribucion tfpica de los seg- 
mentos pulmonares han <5ido estabihzados 

2 Las formas atipicas o andmalas dc los segmentos pulmonares se hallan con- 
tinuamente en investigacidn, \erti(5ndose los hallazgos en la Iiteratura, y con- 
tinuaran sicndo explorados y comunicados 

3 TJn sistema de nomenclatura de los segmentos pulmonares, umversalmente 
aceptado y adoptado, resulta imperative Abdgase aquJ por la adopcidn de la 
nomenclatura de Tackson-Huber 

4 Discutense suemtamente la aphcacidn quirurgica de la reseccidn segmen- 
taria y sus indicaciones, limitaciones y complicaciones 
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Discussion of Symposium on Scgmcnlal Pulmonary Anatomy 

Dr Norman J IFiison, Brookline, Massachusetts It is a real privilege to be porniitfed 
to discuss these papers of Doctors Jackson and Kent and their associates which have served 
to or 3 Stalhze our concepts concerning the surgical and pathological anatom 3 of the lung 
I am sure that every thoracic surgeon feels deepl 3 indebted to them 

I should like to re emphasize the plea which Doctor Kent made for accepting the nomen- 
clature as outlined b 3 Jackson and Huber It would seem to be very essential that we all 
accept this standard nomenclature so that in the future we shall all talk the same language 
when speaking of the bronchopulmonaiy segments 

The localization of pulmonaty pathoIog 3 according to the bronchopulmonar 3 segment 
involved is espcciall 3 important in bronchiectasis winch is a purol} segmental disease 
process It is also essential prior to instituting collapse therap 3 in tuberculous patients 
At times it IS impossible after collapse has been instituted to localize the pathologv with 
accurac 3 In the future, it would be ideal if internists, roentgenologists, and surgeons 
alike were to use the bronchopulraonarv segments in expressing the location of the patholog 3 
and if this concept were taught to the medical students and resident staffs now in training 
The advantages of segmental resection arc conservation of lung tissue, less ovenha 
tention, and less distortion of the remaining segments The disadvantages of segmental 
resection arc (4 ; The fact that, technicaU 3 , it is a more difTicult operation than lobcctoni 3 
and most operators find a higher percentage of complications, cspccialh earlv in their 
expenence with the procedure (£) Most pulmonarv lesions during the acute or exudative 
phase cross the boundancs of the bronchopulmonan segment and do not lend themscH cs 
safel> to segmental resection At the recent meeting of the \ssociation of Thoracic Surgeons, 

Dr Robert Shaw of Dallas pointed out the increased morbidit 3 associated with operating 
on lung abscesses dunng the acute or subacute phase as compared with the segmental 
resection of chronic lung abscesses or bronchiectasis It would seem that this would also 
be true of tuberculosis in the exudative phase 

Segmental resection finds its greatest usefulness in the treatment of patients with 
bilateral bronchiectasis where the conservation of lung tissue is iraporalnc It also finds a 
place in the treatment of chrome lung abscess, benign tumors, evsts, and tuberculomata 
It has been used succcssfullv in combination with lobcctomv in the treatment of piilrao 
nan tuberculosis, especiallv where the preservation of the basal segments of the lower 
lobe IS desir'blc because of poor rcspiraton reserve or because of a contralateral lesion of 
questionable stabihtv It also is a useful procedure in removing tumors of unknown tvpe 
for frozen section If the tumor proves to be benign, nothing else is nccccsar 3 If the tumor 
prov cs to be malignant, more radical resection is indicated 
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The most important tcchnicil problem is to carrj out the dissection in the proper plane 
The \i ork of Boj den and other anatomists first pointed out the significance of interseg- 
mental \cins We have been deeply indebted on our service to Dr Beatt 3 '- Ramsaj whose 
work pointed the waj to finding safelj' the intersegmental plane and developed a technique 
for working in tlus plane without injuring adjacent segments The intersegmental vein 
IS the guide to the intersegmental plane and the important technical steps are to carrj out 
the dissection on the side of the vein of the segment which is to be removed, and to keep 
the plane flattened so that the adjacent segment will not become tented and subjected to 
injurj Prior to using this technique, the incidence of empj'ema at the Overholt Thoracic 
Clmic fell between 20 per cent and 30 per cent This technique w as first used in September 
1948 and betw een that date and Februarj 1949, 28 consecutive segmental resections w ere 
performed without an empj enia or a senous complication 

The advent of segmental resection has created new problems which must be solved 
We must turn to the clinical phjsiologist for help because we must be able in the future 
to determine objectivelj just how much function we are saving m the various types and 
combmations of segmental resections The question also often arises as to whether or not 
segmental resection is preferable to lobectomy in patients with unilobar bronchiectasis 
Further clinical evpenencc and phj siological studies wall be required before we can know 
the answers to manj of these problems It would seem that we should proceed with caution 
in appljang segmental resection to disease processes of an inflammatorj nature which cross 
the segmental planes, such as acute suppurative disease and tuberculosis Because we can 
now remove a bronchopulmonarj segment with technical fiinesse does not necessanly mean 
that this IS the operation or procedure of choice It must be kept in mind that, although 
segmental resection is effective in the treatment of certain pathological processes, it has the 
potentialities of a boomerang in treating others 



THE PHYSIOLOGICAL EFFECTS OF PNEUMOPERITONEUM UPON 
THE RESPIRATORY APPARATUS' 

GEORGE W ■milGHT, RONILD PLA,CE, <.\d rilANK PRIXCI 
(Reccucd for publication Mij 4, 1949) 

INTRODUCTION 

The beneficial effects of pulmonary collapse ba\e been vanouslj' explained 
by such factors as a diminution in pulraonarj’- blood or hmiph flow, a hmitation 
of motion m the affected parts, stasis or hj-peremia developing in the diseased 
tissues, and currently by a relaxation of the elastic forces present m the dis- 
tended lung -Hthough certain of the above changes do develop in the collapsed 
lung, their true role has not been cntically demonstrated and, in our opinion, 
the fundamental mechamsm of the beneficial effects of collapse therapj’’ remains 
an emgma Even though acceptable proof of the modus operandi of collapse 
therapy is laclong, it is difficult to ignore the probable association between a re- 
duction in lung size, uhich appears to be common to all forms of collapse ther- 
apj', and the favorable influence of tins tjiie of treatment Moreover, a correla- 
tion between the degree of lung collapse and the effectiveness of treatment 
seems logical, although this also lacks critical confirmation 

The following study v as undertaken m an effort to ascertain the quantitative 
aspect of variations in lung size consequent to pneumoperitoneum In addition, 
observations concerning tidal air and minute ventilation under resting condi- 
tions were made before and after pneumoperitoneum in all cases, and in one a 
bronchospirometnc stud 3 ’' of the effect of pneumoperitoneum plus paral^'sis of 
the hemidiaphragm v as carried out In 10 cases, the effects of pneumoperito- 
neum upon the maximum breathing capacity were measured The limited num- 
ber of cases studied is regrettable, especially as to the effect of adding a paratysis 
of the hemidiaphragm to an established pneumoperitoneum and also as to the 
use of binders Nevertheless, as the observations appear to be umque m the ex- 
tant literature, and because it is not planned to pursue these mvestigations 
further in the immediate future, the lumted data are pubhshed at this time 

METHODS 

The degree to which the lung is distended at an> moment is closelj’’ related to the vol- 
ume of gas contained therein Variations of distenUon can therefore be determined bj meas- 
uring the volume of air present within the l ungs at a gi\ en phase of respiration Some 

1 From the Department of Phjsiologj', Edward L Trudeau Foundation, Saranac Lake, 
New York 

2 Presented before the Medical Section, as part of the sjunposium on Laboratory and 
Research, at the 45th annual meetmg of the National Tuberculosis Association, Detroit, 
Michigan, May 4, 1949 

’ This study was made possible through a grant from the Comnuttee on Medical Re- 
search and Therapy of the Amencan Trudeau Society, Medical Section of the National 
Tuberculosis Association 


706 



PHYSIOLOGIC VL EFFECTS OP PNEUMOPERITONEUM 


707 


consideration must be given to the fact that the volume of blood contained in the thorav 
will influence the gas content of the lung and is variable If thoracic blood volume varia- 
tions occur outside the pulmonarj parenebjuna proper, e g m the great vessels or heart, 
the consequent change of lung gas volume accuratelj represents a modification of the de- 
gree of lung distention If, hon oi cr, a \ ariation of blood volume occurs within the paren- 
chjTna of the lung, the lung gas volume will show a concomitant change even though a 
modification of the degree of lung distention need not have occurred Although a shift of 
blood from the abdomen and limbs into the thora\ is believed to occur when the recumbent 
posture is assumed, there are no available data indicating the proportion which pools in 
the lung as opposed to the great vessels The marked diminution in the size of the lung 
(during quiet breathing) that can be observed fluoroscopicallj to occur vhen the subjecl 
IS changed from an erect to a recumbent position assures one that the difference in gas 
content of the lung measured in these tno positions represents, in a large measure, a change 
in the degree to vhich the lung is distended The elevation of intrapleural pressure known 
to occur when the bodj is shifted from the- standing to the recumbent position is further 
endence that this postural change reduces the degree to which the lung is distended For 
present purposes and until knowledge to the contrary is presented, it appears reasonable 
to assume that a aanation of the gas content of the lungs is indicative, though perhaps 
not a precise measurement, of a proportionate change m the degree of pulmonary disten- 
tion 

In this communication, the volume of gas contained in the lungs at the end of a quiet 
evpiration is termed the Functional Residual Air (FRA), at the end of a maximal expira- 
tory effort, the Residual Air (RA), and at the end of a maximal inspiratory effort, the 
Total Volume (TV) The volume of gas expelled by a maximal forced expiration beginning 
at the naid position (end of qmet expiration) is termed Reserve Air (ReA) and is the same 
as the difference betw een the FRA. and RA The volume of gas inhaled by a maximal forced 
inspiration beginmng at the mid position is termed Complementarj’’ Air (CA) and is the 
same as the difference between the TV and FRA The complementary air added to the 


reserve air constitutes the Vital Capacitj (VC) 

The CA and ReA were determined by direct spirographj The FRA was determine y 
the method of Cournand, Baldwin, Darling, and Richards (1), using pure oxygen to nnse 
the mtrogen from the lungs This method was modified (and will be described in detail in 
a subsequent publication) to permit the subject to record his CA and ReA with a spirom- 
eter and then receive oxj gen through the open circuit, thus providing a correction or e 
fra and allowing true duplicates of the entire pulmonary volumina In the experience o 
the present investigators, the method of Cournand el al has been entirely satisfactory, as 
it customarily provides duplicate determinations that are withm a 3 per cen evia ion 


from the mean , . 

The tidal air and minute ventilation were calculated from the spirometer tracing 
The Maximum Breathing Capacitj (MBC) was determined by the method described by 
Hermanssen (5) using a speciallj’' constructed low-resistance valve an u mg ( u^n 
1 5 inches in diameter throughout) and expmng into a Douglas Bag Collections of thirty 
seconds each, were made, the volume being expressed in liters per minu e (we ; a 
Duplicates within 5 per cent of the mean were required 

Bronchospirometry in the single case was done as described previous y t 1 


MATERIAL AND MANNER OF STUDY 

The pulmonary volumma were measured by suitable duplicates, with the sub- 
ject m the standmg position after being erect for tw'enty or more nunutes, an 
t\Tth the subject m the recumbent position (head only elevated by a thin pillow) 
after lymg quietly for a minimum of twenty minutes Pre-pneumopen oneum 
studies were made xnthin a week pnor to the induction of the pneumopento 
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neum IMeasurements during pneumoperitoneum \\ere made m all cases fortj'- 
eight hours after the last refill and the data published herein are of the deter- 
minations made hen pneumoperitoneum as considered to be full}’- estabhshed 
The intraperitoneal pressure ^\as generally +G to -j-S cm of HjO in those cases 
eaudencing a “good” elei ation of the diaphragm and -M2 to -MS cm of HsO in 
those evidencing a “limited rise” of the diaphragm Refills were usuall} 600 to 
900 cc m % olume every ten days to tv o v eeks 

The hIBC vas measured on the same da}’- as the lung volume studies Bron- 
chospirometry vas carried out m the single case forty-eight houis after a refill 
both before and ten days aftei the heraidiaphragm vas paralyzed 

Satisfactory studies were made in the erect and recumbent positions on 17 
cases and in the recumbent position only on 2 additional cases In some there 
vas a pre-e\istmg paralysis of the hemidiaphragm as indicated by an asterisk 
adjacent to the case number m table 2 In none was there evidence suggesting 
that there -would be an impediment to the anticipated elevation of the dia- 
phragm, except Case 19, in which severe pulmonary emphysema (RA = 57 per 
cent of TV) v as knoivn to be present, and Case IS, in which severe generalized 
pulmonary fibrosis -with a small lung vas associated intli a diaphragm already 
somewhat elevated prior to the induction of pneumoperitoneum 

OBSERVATIONS 

The lung volume, hIBC, and bionchospirometry data of Case 17 are piesented 
in figure 1 and table 1 TJus case portra}fs the effects of change of body posture 
and of pneumoperitoneum that vere observed to be common for the series of 
cases Of greatest interest is the effect of postuie and pneumoperitoneum upon 
the FRA The size or state of distention of the lung for viitually the entire 
twenty-four hours of each day is represented by the FRA vith a cyclic increase 
superimposed by the tidal air There are also intermittent vaiiations of I'-olumc 
of a magmtude gi eater than the tidal air which occur during siglung, coughing, 
laughter, or severe physical exertion It is unfortunate that for technical reasons 
the lungs are customarily roentgenographed in the position of full distention, 
because this rarely assumed position of the lung has thus become firmly fixed in 
the minds of physicians as portra}nng t/ie ph} siological state of the lung There 
would be greater clarity of thinking about the volumetric effects of collapse 
therapy if the fluoroscope rather than the comentional roentgenogram vere 
more commonly used 

It has been shown pre-viously that the gas content of the lungs is diminished 
by changing from the erect to the recumbent posture The magmtude of this 
change as measured in Case 17 is indicated by comparing block Ai vith Bi in 
figure 1, and for the series is shown in table 2, column A The mean and ex- 
tremes of the change in this senes are virtually identical with those of a gioup 
of 20 normal males slightly older than were previously studied in this labora- 
tor}r (3) It IS appal ent, theiefoie, that recumbency is of itself actually a tiue 
form of “collapse therapy ” 

The establishment of pneumoperitoneum markedly diminishes the FRA in 
the standing position In some instances, it is as effective in this respect as is 
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4100 


450 


plus paml>-«tis of the hcmidnphro?^ upon the pultnonno 
Jng Capscitj of Cve 17 
A — In the erect position 
B— In the recumbent position 
C— Maximum Brc-ithing Capscily 
1 — Before pncumopcntoncum 

tszii P'» 

In d nnd B, II, o ..l.d l.lonl- « "Jnctionnl Kns.dunl Ait m m.do 

Air, and the clear block is the , , Volume by all three blocks 

up of cross hatched plus solid blocks, and the Total \ olumc oj a 

TABLE 1 

The Effect of Adding Paralysis «///*« 
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j Right 1 

Right 1 

MV 
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CO. Output 

VC 

per: 

64 

72 

67 

69 
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36 

28 

33 

31 

per 

74 

80 

78 

79 

cent 

26 

20 

22 

21 
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recumbency, a fact demonstrated by comparing Ai Rith Bi in figure 1 In others, 
it may be less effectn e or even more e&ective than recumbency alone, as sboivn 
by a comparison of columns B and A in table 2 For purposes of brevity, tbe com- 
plete data of the pulmonarj*- % olumma are not presented at this time It can be 

TiVBLE 2 


The Effect of Pneumopentoneum and Body Posture upon the Funchonal Residual Arr and 

Maximum Breathing Capacity 


CASE NUICBEE 

A 

B 

C 

D 

E 

1 

30 

16 

-24 

42 

“7 

2 

43 

30 

■flO 

37 


3 

12 

26 

-30 

39 

—15 

4* 

34 

43 

-30 

54 

+4 

5 

44 1 

29 

-23 

57 

-10 

6 

3S 

49 

-30 

57 

-13 

7* 

21 

21 

-12 

30 


S 

30 

15 

-9 

36 i 

-16 

9 

27 

23 

-27 

46 

-5 

10 

3S 

1 25 

' -16 

4S 


11 

29 

33 

-30 

51 

1 

12 

39 

44 

-33 

59 

-10 

13 

34 

16 

-13 

43 


14 

20 

32 

-26 

41 


15* 

28 

39 

-17 

41 


16 

40 

33 

0 

40 

-M6 

17 

37 

37 

-24 

52 

-12 

IS 



-}-6 



19 



4-13 


-10 

Mean 

32 

30 


46 



A Per cent by which the Functional Residual Air was diminished when the bodj was 
shifted from the standing to the recumbent position 

B Per cent by which the Functional Residual Air, measured with the bodj in the 
standing position, was diminished bj fully established pneumopentoneum 

0 Per cent by which the Functional Residual Air, measured with the bodj m the re- 
cumbent position, was altered by a fullj- estabhshed pneumopentoneum The sign indi- 
cates the direction of the change 

B Per cent by which the Functional Residual Air, measured with the body in the stand- 
ing position and without pneumopentoneum, was diminished by a well-established pneu- 
mopentoneum and recumbent body posture combined 

E Per cent bj which the Maximum Breathing Capacit'v was altered by a fully estab- 
lished pneumopentoneum 

* Pre-existing paralysis of the hemidiaphragm 

stated, however, that, m addition to its effect on the FEA, pneumopentoneum 
also reduces the TV and HA in the erect position, although it has relatively lit- 
tle effect on the CA 

The FRA measured m the recumbent posture is still further dimimshed by 
the establishment of pneumopentoneum, as demonstrated by comparmg B. with 
Bi m figure 1 This change occurred in 15 of the 19 cases studied, but in the other 
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4 there was either no fuither change or even a slight increase, as shown in col- 
umn C, table 2 There was no apparent reason for the failure of pneumoperito- 
neum to cause a fuither diminution of the recumbent FRA m Case 16 Rela- 
tively little effect was anticipated m Case 19 because this subject has severe, 
diffuse, obstructive emphysema with a relaxed abdominal wall Studies m this 
laboratory (3) have showm that persons wuth severe obstructive emphysema fail 
to show an appreciable reduction of the FRA upon changing from the erect to 
the recumbent position The lungs simply fail to collapse, behaving under these 
cHcumstances in a manner similar to that which can be observed when the tho- 
racic cage IS opened at autopsy As mdicated m table 3, the use of a binder 

TABLE 3 


The Effect upon the Pulmonary Volumina of Applying an Abdominal Binder in the Presence 

of Pneumoperitoneum 



TOTAl. 

\OLUME 

VITAl. 

CAPAOTY 

i COitPLE 
MENTAPY 
AIR 

ruNc 

TIONAL 

RESIDUAL 

AIR 

RESERVE ' 
AIR 

RESIDUAL 

AIR 

Case 2 

Ltlers 

Liters 

Liters 

Liters 

Liters 

Liters 

Erect, without binder 

2 95 

2 08 

1 61 

1 34 

0 47 


Erect, with binder 

2 69 

1 76 

1 67 

1 12 

0 19 

mm 

Recmnbent, without binder 

2 87 

1 91 

1 67 

1 20 

0 24 

■la 

Recumbent, with binder 

2 60 

1 57 

1 38 

1 12 

0 19 

0 93 

Case lit 







Erect, without binder 

2 45 

1 72 

1 37 

1 08 

0 35 

0 73 

Erect, with binder 

2 30 

1 46 

1 22 

1 08 

0 24 

0 84 

Recumbent, without binder 

2 20 

1 35 

1 25 

0 95 

0 10 

0 85 

Recumbent, with binder 

1 99 

1 05 

1 02 

0 97 

0 02 

0 95 

Case 19 







Erect, without binder 

— 

— 

— 

— 

— 

— 

Erect, with binder 

— 

— 

— 

— 

— 

— 

Recumbent, without binder 

6 85 

3 12 

2 15 

4 70 

0 97 

3 73 

Recumbent, with binder 

5 04 

2 50 

1 82 

3 22 

0 68 

2 54 


partially remedied this lack of pneumoperitoneum effect upon the FRA m Case 
19 The failure to dimmish the recumbent FRA m Case 18, m spite of an mtra- 
abdominal pressure of 20 cm of HjO, is not clear This patient had a very exten- 
sive fibrosis diffusely distributed throughout both lungs which was apparently 
the residuum of extensive tuberculosis There was no clear evidence of severe 
obstructive emphysema and the MBC and the RA expressed as a per cent of 
TV were only slightly abnormal The diaphragm was elevated and moderately 
limited in mobility Some obscure factor prevented the anticipated further ele- 
vation of the diaphragm The failure to establish a further diminution of the 
recumbent FRA in Case 2 appeared related to the fact that the anterior abdomi- 
nal wall was very flabby and lackmg m tone as a result of multiple pregnancies 
The patient would not v ear a binder or tolerate high pressures 

In the recumbent position, pneumopentoneum reduced the TV and also the 
RA but had only a slight effect upon the CA The marked change m lung size 
that resulted from a combination of recumbency and pneumoperitoneum is ap- 
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pirent m (lie contnsf of B; uul Ai in figure 1 and by inspection of column D m 
table 2 This comparison ro\ e ils (he most impressive effect of pnciimoporitonciim 
upon the pulmonary volumina 

The effects of para^sis of the hemidiaphragm added to an established pneu- 
moperitoneum were obseivcd in Case 17 and arc shown m figure 1, Aj and 
and m table 1 The Rii was not appreciably altered in either the erect or lecum- 
bent posture The FRA was mcasurabb’’, though not strikingly, diminished m 
both positions The most marked change occurred m the CA w hicli w as reduced 
by 1 49 hteis m the standing position and 1 76 liters m the recumbent position 
Bronchospirometric studies made before and after the addition of a left hemidia- 
phragm paralj'’sis m Case 17 are showm m table 1 Although the extent to which 
the left lung participates m each breath is measurably reduced by the paralysis, 
the ribs are appaiently still an effective means of bringing about a cyclic dis- 
tention of the left lung The effects of paralysis of the hemidiaphragm upon the 
pulmonary volumina and the dynamics of respiration appear to be the same 
in this case with a pneumoperitoneum as when the paralysis is induced in the 
absence of pneumoperitoneum The size of the lungs at the end of quiet expiration 
IS little if at all affected by the paral 3 ’’sis, but the lung on the paral 3 'zed side is 
distended to a lesser extent w ith each ordinary breath and is further protected, 
although not entirely so, fiom periodic distention b 3 ’’ deep breatlis The effects 
of pneumoperitoneum and paralysis of the hemidiaphragm in this single case 
(supported b 3 ’' fluoroscopic and roentgenographic confirmation in this and other 
cases) w ere additive 

The effect of appbung a tight abdominal binder to an established pneumoperi- 
toneum Avas studied in Cases 2, 14, and 19 The data are shown in table 3 There 
w as relatively little further change in the pulmonary volumina of Cases 2 and 
14, but quite a large change m all diAusions of the volumina w as observed in Case 
19 As noted earlier, pneumoperitoneum alone produced Aurtualb’’ no change in 
the lung size of Case 19 Since the diaphragm w^as low' even m the presence of 
the pneumoperitoneum, the tightly applied binder had an opportunit 3 ’- to bring 
about an elevation of the diaphragm and thus effect a diminution of the pul- 
monary volumina In Case 14, and to a lesser extent in Case 2, the diaphragm 
was already elevated as a result of the pneumoperitoneum plus the recumbent 
position, and a bindei had little chance to force the diaphragm to a further 
elevation 

The effect of pneumoperitoneum on the INIBC is shoiAm in table 2 In general, 
the reduction is relatively slight This finding is readily explainable m view' of 
the fact that a loss of stroke volume can be compensated for over a quite wade 
range by an increase of the number of breaths made in the 30 seconds allotted 
for the test (made possible because each stroke is smaller) These results confirm 
the data of Steinhn (4) W'ho also observed only a slight reduction of the MBC m 
pneumoperitoneum 

The tidal air and minute ventilation measured at rest were not appreciabb' 
changed by the establishment of pneumoperitoneum Minor variations w'ere 
noted but w ere inconstant and thought to be wathm the range of variations foi 
untrained subjects 
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COMMCNT 

rncumopcnloiipum, if full> ci>tablishcd, is an cflcclue method of leducmg 
the ‘=170 or state of distention of (ho hing In this respect, it is moie adequate 
(h in p irah ^-is of the lioniidiaphragin Since (he modem concept of (lie degieo of 
collajisc desired in intrapleural pneumothoiax commonl}' makes use of less than 
a 10 per cent collap'^e of the lung, pneumoperitoneum plus lecumhonct is just 
i<= cffcctne in collapsing the lung as is pncumothoiax, unless airtually complete 
collapse of the lung is desired 

Hie addition of a parahsis of the hemidiaphiagm to an established pneumo- 
pentoneum m the single case studied affected the FRA only shghllj’, but did 
reduce the c^chc distention of the homolateral lung caused by quiet respiration 
and partialh protected it against periodic deep breaths This finding should in 
no ^\a^ be construed to invalidate the use of hemidiaphiagm paralj'sis m corn- 
bin ition A\ith pneumoperitoneum It should indicate clcarlj , however, the need 
for more stud^ of this combination of therapeutic methods, and seriouslj raises 
a qucation about their routine simultaneous use 

Ihe application of an abdominal binder as an adjunct to pneumopei itoneum 
dcser\ es further stud} If the lungs arc already reduced in volume and the dia- 
phragm has ascended in the thorax to the limit imposed by factors intrinsic m the 
mu'^cle itself, little seems hkel}' to be further accomplished by a binder If, 
howc\er, the lung has not been appreciably reduced in volume because of in- 
trinsic pulmonary factors or a lax abdominal wall, a bindei might be of consid- 
erable aid in further collapsing the lung 
That pneumoperitoneum affects both lungs equally seems apparent from in- 
spection of the roentgenograms taken at \arious phases of bieathing Actual 
measurements of the roentgenographic changes m this series of patients may 
be iiubhshed at a later date It is possible, but as } et unproved, that the addition 
of a paral}sis of the hemidiaphragm may selectively reduce the size of the 
homolateral lung in comparison to its contralateral mate Inspection of the 
roentgenograms taken at the end of quiet expiration in the recumbent position 
shows little evidence of such a selective change 
Since the pulmonar}' volumina of the erect person w ith a pneumoperitoneum 
closely simulate those of a recumbent person without pneumoperitoneum, it is 
tempting to think that pneumoperitoneum might be used as a substitute for 
recumbency w hen the latter is not feasible The enhanced effect of the reduction 
of lung size when recumbency is added to pneumopentoneum indicates the 
advantages of recumbency w'hen feasible 
The relatively slight reduction of MBC that results from pneumopentoneum, 
together with the fact that it is a reversible form of treatment, makes it pos- 
sible to use this form of collapse therapy in cases of severe respiratory crippling 

StJMMAEY 

Pneumopentoneum causes a marked reduction in the functional residual air, 
residual air, and total \olume of a subject in the erect position A similar though 
quantitatively less marked effect is observed w'hen the subject is studied in the 
recumbent position 
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The effects upon the pulraonarj'' volununa and proportion of respiration per- 
formed by each lung (bronchospirometi^’-), produced bj'- adding a paralj-sis of 
the hemidiaphragm to a pre-existing pneumoperitoneum, \iere observed A 
small further reduction of functional residual air and a large reduction of com- 
plementary air, together nith a reduction in function b5' the homolateral lung, 
resulted from the added paralj'sis 

An abdominal binder caused a slight diminution of pulmonai^’" \olumma m 
tvro cases and a marked diminution in a third case when apphed in the presence 
of pneumoperitoneum 

The maximum breathing capacit3’- was onb’^ slightl}’’ reduced bj' the mduction 
of pneumoperitoneum 


SUMARIO 

Efectos Ftsiologicos del Neumopenioneo sobre el Aparaio Respiraiono 

El neumoperitoneo provoca marcada dismmucidn del aire residual funcional, 
el aire residual j el volumen total en im sujeto en posicidn erecta Obs^iwase un 
efecto semejante, pero cuantitativamente menos pronunciado, cuando se estudia 
al sujeto, recostado 

Estudidse tambidn el efecto sobre los voliimenes pulmonares 5’' la proporcidn 
de respiracidn ejecutada por cada pulmdn (broncoespirometrfa), producido al 
sobreponer una pardlisis del hemidiafragma a un neumoperitoneo preexistente 
La pardlisis sobrepuesta agregd una pequena reduccidn del aire residual funcional 
y una gran reduccidn del aire complementano, junto con una dismmucidn de la 
funcidn del pulmdn homolateral 

Una faja abdominal ocasiond una leve dismmucidn de los voliimenes pulmona- 
res en dos casos y una pronunciada dismmucidn en otro caso, cuando se aplicd 
en presencia de un neumoperitoneo 

La capacidad respiratoria mdxima apenas descendid por ^^rt^d de la induccidn 
del neumopentoneo 
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Ar Accf«' ! c' {' c pf sl.t '^rtrra's'- Adniinlrt-MJen, A^mr •»nd I%a \'3 Jul} IP'6 to 

Ap'll W) 

lu'i n Tirkt n 

(1 » \<* ! ki" ~2 I'M >' 

isp'orn ojos 

i hf r.ts.‘ nnt '-tjs U.em oi tin* (fTcct of pUmr, cm i.i ihf trc^itmc n( of 
tpl . fi'olc'- ^ !A t’ii \nn\, ntui X'i\> berm in luK 

l'55o J"] f riH , < nil' fv i’l'c iton b'i\c nbulncl b\ c ommoii lm)toco^^ mutufilH 
iTtwii imn 1 lovcmni:: iiuhrMions for In' ttnieisi, nb'^'n 'itioii'' of rf-sii!('=, mid 
ni'd'iv'- of rcportuir n 'ill" (11 Rcmmiim: "itb tlu* "tiuh of pulmontirj tuber- 
< nlo tl'e in\( "tip t’o’i v Kr’du'dh c'toidfxl until, nt (hr* end of iti* fml 
\< ir *M of tiibr-rculo’-'.'- nin* ’iirltidod in iN rmpe Coini)r<'hcn‘'i\ c proprcvs 
'I port of the ‘ Uldv bi’. e "ppenn- 1 on two (»rr (2, ") 

'I in' cenerd objc-ctnc of tho ‘■lud\ bi‘« Won to dclrnninc the etTir.uN nnd the 
’ Hilt ;i ''O'- of • tn ptonr.cin m the innlnient of tnlKTcnlo"'" Onpin'dI>, re! ’ti\ch 
Inch d•u!^ do'-''", 1 S or 2 0 (>in . were rnijilojcd for 120 dnj" 'nii" <=ttipe of the 
ir\< t’jntion confinntxl the ob"cr\'\tion tint "tn'ptonncui o-'crix n f'uonble 
ciTeri cm the tonr‘<> of tulveriiilo n in nnn (1) In "ub^equent •■tnpesof the inte'iti- 
ptlmii \ nn'’tirin‘'of theonpimd rcpinirn h»\el>een explored, Mieh .n lower dnilj 
do'opcs ‘'horlrr period" of 'dinini'-tn tion, niid reduction m the number of dnilv 
injcrtion*- into which the totnl dnih do''‘ n dnided Jo chtc, 'streptomycin 
thenqn bin I'ccn completed in ‘'ppro\iinetch d.’iOO cum;':, cxchnnc of counccc 
of tre''tmoa{ pnen for rclntneh «hort period' of time befoie nnd after tertun 
'urpital procedures Approvini.itclv 2,000 ca'ex; of pulniomr.\ tubemilosis liiue 
been treated 

'Hie purpo'c of tins paper n to suinmnrirc eertain aspects of this cooperatue 
mac-tipation since its inception, pnrticuhrh wnth reference to the clTcct tint 
aanations m ‘■trcptom> cm ropmen ha\c had upon tovicitj, the emergence of 
'treptom'vcin-rc'istani strains of M tuhcrculo’iis, and suitable clinical obsen'a- 
tions Priman craplui'is w ill be placed upon the results of stre])iomycm treat- 
ment of pulrnonarj tuberculosis 
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Minncota, and (he Dejiarlnicnt of Aledicinc, Universitj of Minnesota 
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result of Ins own studj and do not ncccssnnlj reflect the opinion or policy of the Veterans 
Administration 
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MI TIIODS 

If/mitifsfrnlKc control OnRiri'i! phns for the mxcsti^ation were formulated bj repre- 
sent itn o'! of the \ ctcraTia Winnnatrntion, \nin,amlXa\\ in Ma\ lOiC, with theaduce 
of rejiresentntucs of the Public Ilcilth Service, the Nation >1 Rcscirch Council, and the 
National Tuberciiloii*! \ssociatioii (1) Contin!iif> hn? been provided through a St reptornj- 
cin Committee of the Central Oflico, \ etcr ins \dminist ration \s thestudj has progressed, 
committees from among the investigators and the consultants to thestudj have been ap 
pointed In the Streptomj cm Committee, ind since 1917 all decisions as to the course of the 
investig ition h ivi been the result of committee recommendations which were approved bj 
the cooperating investigators The Streptonnem Committee has continued to be responsi- 
ble for idministration of the program in the intervals between semiannual Conferences 
which were held for the cv alu ition of results and for planning the future coursoof thestudv 
Liatson hctuccnsludv units Ilcprcscntativesof the btreptomv cm Committee have visited 
all or most of the cooper itingStudv Units Studv Units have submitted monthlv progress 
reports of their experience (hi monthlv since \pril lOtS) which have been mimeographed 
and distnbutcd to cooperating investigators Streptomvem Conferences, of which there 
hav e been seven, have been held at iiitcrv als of approximatelv six months, to which all par- 
ticipating inv cstigators, ns w ell as consultants and other indivuduals interested, hav e been 
invited In this manner there has been assured a considerable uniformitv in the tvpoof case 
treated, in the conditions of treatment, and in the observation and recording of results 

Introduction of variations of strcptomi/cin regimen 

1 Julj 1946 1 8 Gm a daj (0 3 Gm cvetj 4 hours), later 2 0 Gm (0 4 Gm even 4 

hours 8 a m to midnight), for 120 dajs, emplov ed in seven Studj Units, increased to 
twentj-ono Studj Units in Decoraber 1940, all ionns of tuberculosis 

2 Max 1947 20Gm adaj (04Gm cv cn 4 hours S a m to midnight), for 60 dajs, in seven 

Studv Units, pulmonarj tuberculosis onlv 

3 Maj 1947 1 0 Gm a dav (0 2Gni cveij 4 hours S a m to midnight), for 120 dajs, in 

Bcv on Studj Units, all forms of tuberculosis 

4 May 1947 lOGm adaj (0 5Gm everj 12 hours) for 120 dajs, m seven Studj Units, all 

forms of tuberculosis 

5 October 1947 0 5Gm a dav (0 25Gm cvmrj 12 hours) for 120 dajs, m seven Studj Units, 

pulmonarj and larj ngeal tuberculosis, and draining tuberculous sinuses onlj 

6 Apn! 1948 1 0 Gm a dav (0 5 Gm ev cn 12 hours, changed to 1 0 Gm in a single dose 

dailj m October 1948) for 42 davs, all Studj Units, all forms of tuberculosis 

7 Apnl 1948 0 5 Gm a dav (0 25 Gm every 12 hours, changed to 0 5 Gm in a single dose 

dailj' in October 1948) for 42 dav s, m the majontj of fortj -eight Studj Units, nearlv 
all forms of tuberculosis 

8 Apnll948 0 2Gra aday (masingleinjection) forl20dajs,andfor42daj's,insixStudj 

Units, tuberculous draining sinuses onlv 

9 October 1948 lOGm adaj (masingleinjection) (2 0Gm adaj m a single Studj Unit) 

everj' third daj for 120 daj-s, eight Study Units, pulmonarj tuberculosis onlj 
10 December 1948 2 0 Gm adaj of dthijdrostrcplomijcm (1 0 Gm everj 12 hours) for 42 
daj-H, all Study Units, all forms of tuberculosis 
It tianations hav'e been permitted in the treatment of miliarv and meningeal tuberculosis, 
but the majonty of these cases have been treated with 2 0 Gm a daj for 120 davs or 
longer 

Random selection of cases on different streptomycin regimens It was the original decision 
of the Streptomj cm Committee to have the Study Units select suitable cases and then di- 
vide them at random into two groups, the one to be treated w ith streptomj cm, the other to 
serve as controls Adequate clinical material was not found to be available, and this plan 
was abandoned (1) The investigation of the ongmal streptomj cm regimen, 1 S Gm a dav 
Oater 2 0 Gm a daj ) for 120 daj-s provided no “controls” in the stnet sense of comparing 
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treated ciscsMilh uni re itcd ci'ics BcKinninginMiN 1917, three regimens n ore investigated 
simultancoush , although each regimen was cmplojcd in onlj one Studj' Unit Since Apnl 
191S, there has been nUernatioii of eases in most Studj Units according to a statistically 
satisfactorj method of random selection 

Methods of reporting result’! In the carh stages of the studj , results reported by investi- 
gators were pooled and compiled at tho Strcptomjcin Conferences and reported in the 
Ifimitcs of the first three Conferences For the Tourth Conference (St Louis, October 9-12, 
1947) (1) a beginning was made in the assembling of data in tabular form For subsequent 
Conferences pertinent data ha\o been assembled from the Studj' Units in advance of the 
meetings and collected bj the Streptomjem Committee for distnbution to members of the 
Conferences (5, 0, 7) These compilations ha\c been in summarj tabular form, permitting 
rclatnch little cross tabulation of the effect of \anous \anables, but for tho Seventh Con- 
ference (Dciucr, \pril 21-24, 1919) (7) data on cases of pulmonarj tuberculosis were assem- 
bled on simplified indundual case report forms, permitting the reporting of a number of 
pertinent cross tabulations Since Fcbniarj 19 iS, a committee appointed bj' the Streptomy- 
cin Committee has been in the process of developing individual case report forms for the 
m ijor portion of cases treated The first of these forms, for pulmonarj’ tuberculosis and for 
miliarj tuberculosis and tuberculous meningitis, w ere distnbuted in Maj 1949 Results so 
reported arc to be analjzed and processed with the assistance of the Medical Research 
Statistics DiMSion, Central Office, \ ctcrans Administration, permitting a range of inter- 
pretation considerabh wnder than that which has been possible thus far Results presented 
in this paper are domed almost entirch from data icportcd to the last throe Conferences 
(5, 6, 7) 

Reporting of chanoc tri tuberculous condition treated In the absence of more objective 
enten i, investigators have been asked to report the results of streptomjem therapy not 
onh in such terms as “improved" (and “healed” according to stipulated criteria), "un- 
changed”, and “worse”, but in different degrees of improvement and worsening A "scale” 
which has been found to be practiciblc and to liav’c a considerable degree of consistency of 
result has now been adopted In emplojing the scale, investigators are requested to make 
cverj effort to assign uniform weighting to each point on tho scale The scale, which will 
also be cmploj cd in the individual case report forms, is as follows 

1 marked improvement 

2 moderate improv’cmcnt 

3 slight improvement 

4 no change 

5 slight worsening 

6 moderate w omening 

7 marked worsening 

For the Fifth Streptomjem Conference (5), changes were reported on a nine-point scale, 
which included extremes of verj marked improvement and very marked worsening, but the 
simpler seven-point scale has now been adopted 

“Jury" reviews Desinng to increase the objectmtj of the observation of results, on two 
occasions investigators have been requested b> the Streptomycin Committee to submit 
roentgenograms of treated cases of pulmonary tuberculosis to an impartial “jury” of ex- 
perts for re-evaluation The results of these two renews have been reported (1, 5) 

Stattslical interpretations The nature of the data and of the method of reporting has not 
permitted elaborate statistical analysis of results It has not been possible to employ means, 
standard deviations, tests for the significance of the difference of means, oi the analysis of 
variance Reporting of results in terms of percentage of total samples has, however, per- 
mitted the use of the chi square test, and this test has been employed in this paper where the 
data have been regarded as suitable Wliere statements are made as to the “significance” 
of differences noted, it is understood that the probabilitj of the difference being due to 
chance, as determined bj’ the chi square test, is less than 0 05 (less than one chance in 
tw entj ) 
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OBSERVATIONS 

Toxicity 

It IS now veil known that the course of the Good Ship Streptomj'cm lies be- 
tween the Scylla of toxicity and the Char3’'bdis of bacterial resistance Fortunatel}’’ 
both of these nangational hazards hai'e non been well charted 
In figures 1, 2, and 3 may be seen the mcidence of the more important toxic 
manifestations present among patients treated on seven diff erent streptomycm 
regimens In figure 1 the differences for the incidence of vertigo are significant 
among the cases treated on the first five streptom}'cin regimens 2 0 Gm a da3’' 
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Fig 1 Incidence of vestibular toxicitj on vanous streptomj cm regimens (during treat- 
ment penod) 


for 120 daj^®, 2 0 Gm a day for GO daj-s, 1 0 Gm a day for 120 days (with both 
5 and 2 mjections a daj^), and 0 5 Gm a day for 120 days The differences are not 
sigmficant among the cases treated on the following regimens 0 5 Gm a day for 
120 daj^, 1 0 Gm a day for 42 das^s, and 0 5 Gm a day for 42 days Much the 
same differences are noted in figure 1 for altered response, both diminished and 
absent, to caloric stimulation (bj’' the modified Kobrak techmque), except that 
the differences between the two 1 0 Gm a day for 120-da3’’ regimens are not sig- 
nificant These figures clearly establish that, as the dail3’’ dose of streptom3''cin is 
reduced from 2 0 to 1 0 to 0 5 Gm a da5% with duration constant at 120 da3's, 

* Hereafter the regtrocn so designated will also bo understood to include cases treated 
with 1 8 Gm a daj for 120 days 
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there is significantly less a cstibular toxicity, that, as duration of streptomycin 
therapy is shortened from 120 to GO or 42 days there is less vestibular toxicity, 
although this decrease is less than in the case of reduction in the daily dose, and 
that, in the case of vertigo, reducing the number of injections of streptomycin per 
daj', Avithout othcn\nse altering the 1 0 Gm a day for 120-day regimen, decreases 
toxicity somcAAhat 

In figure 2 may be seen the data for the incidence of certam manifestations of 
renal toxicity Differences reported in diminished renal function are not sigmfi- 
cant among cases treated on the foui regimens of higher total dosage nor among 
those treated on the three of smaller total dosage, but on the three latter (those 


O 15 _ A DIMINISHED nCNAL FUNCTION 
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No Cases 671 177 321 445 181 1595 554 56 

Fig 2 Incidence of renal toxicity on x'anous streptomj cm regimens (during treatment 
penod) 

of 0 5 Gm a dayfor 120 days, and 1 0 Gm or 0 5 Gm a day for 42 days) there is 
significantly less mterference ivith renal function than among patients treated on 
the first four regimens With respect to albummuna and cylmdruna, the data m 
figure 2 suggest that streptomycm regimens of longer duration are more often 
associated Tvith a high incidence of toxicity than are those with larger daily 
dosages The effect of reducing streptomycm dosage, through reduction m daily 
dosage, or duration, or number of daily injections, is less m the case of renal 
toxicity than m the case of vestibular toxicity 

The mcidence of dermatitis, both mild and severe (figure 3), associated with 
streptomycm therapy, appears to be more related to duration of therapy than to 
daily dosage Dermatitis is found to be present with significantly greater fie- 
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quoiu\ umoiiK patient'^ tro-Uod on roRtmens of longer duration (120 dajs) than 
m patients treated for a shorter ])eriod (GO or 12 dajs), \\liethcr the dailj dose is 
2 0 Gm , I 0 Gm oi 0 '> Gm \\ ith respect (o dnig pjrcxm (figure 3), there is 
signifuantly greater lo\icitv onl}’ in the case of (he patients treated on the first 
regimen, that of 2 0 Gm a daj for 120 dajs 
In figure 3 are also iirescntcd the data for the fiequcncj with which serious 
toMcitv makes it iieccssarj to terminate streptomycin tlicraiij Tliero is found 
to be a sigmficantlj more frequent occurrence of this de\olopnient between the 
two 2 0 Gm a daj regimens and the other fi\e, and between the 1 0 Gm a day 
for 120-da's regimen in ."i di\ ided doses and tlie remaining four 
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Fig 3 Incidencp of other toMCitj on canons streptome cm regimens (dunng treat- 
ment period) 


Tlie data presented m figures 1, 2, and 3 are summanzed m table 1 which also 
includes the icspective incidences of other toxic manifestations which are of lesser 
frequenej'’ and impoitance From this ecraluation it may be stated that, in general, 
there has been a reduction of streptomycm to'sicity wnth the followang modifica- 
tions of strcptomj''cin regimens, listed in the order of their importance (a) reduc- 
tion in daily dosage , (&) reduction in duration of therapy , and (c) decrease in the 
number of daily injections into which the total daily dose is divided The effect 
of each of these variables has differed wnth the particular to'vic mamfestation 
studied 

The data for these toxic manifestations are based upon observations during the 
treatment period Follow-up data on some of the manifestations have been re- 
ported to the last three Streptomycm Conferences (5, 6, 7) These data mdicate 
that, whereas there is little change six months or more after the end of treatment 
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Inndnicr of Toxiatu to Streptomycin on Varwui Regimens 
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Toxic Marife^'lalion 

1 1 oTicity Caused 
» Ccssntiou tlicn»p\ 
1) Interruption 
thorap\ 

£ Vestibular 
a Vertigo 
b \taMi 

(nta\ia tested) 
c c s r * ** dimin 
d c B r absent 

e c B r altered 
(c s tested) 

5 Auditory Loss 

a to spoken aoicc 
b audiom , high 
range 

c audiom , low range 
(tested bj au- 
diom ) 

4 Renal Function 
a dimin , inter- 
mittent 

b dimin , main- 
tained 

c dimin , int and 
maint 

d ejhndruna 
e albuminuna 
f hematuna 

6 Dermatitis 
a mild 

b severe 

c all 

6 Other 

a eosinopliilia 
06%) 

b blood djscrasia 
c paresthesia 
d nausea and 
vomiting 
e fever 
f psj chosis 



* Identifies number of Streptomycin Conference from Minutes of which data are ob- 
tained 

** Information not available 

* c s r = calonc stimulation response 
SM = streptomycin 

DHSM = dihydrostreptomycin 
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m dirainutiou of response to calonc stimulation, or m ataxia, the incidence of 
subjective vertigo is generally less than half that present during treatment 
Follow-up data vith respect to auditory function six months or more after the 
end of therapy mdicatc that slightly less disability is present, audiometrically 
and to the spoken voice Late mcrease in the incidence of these toxic manifes- 
tations has not been observed m this studj 
Dihydroslrcptomycin Dihj^drostreptomycin, in doses of 2 0 Gm a day for 42 
days, has been employed by the Study only for the past four months At the 
Seventh Streptomycin Conference, toxicitj'' data v ere reported for this hydroge- 
nated product of streptomycm on the basis of 56 cases The results are reported 
m figures 1, 2, and 3 and m table 1 

Tlic more important toxic manifestations are summarized m table 2 In this 
table, by comparing the toxic manifestation of diIi5'’drostreptomycin on a regunen 
of 2 0 Gm a day for 42 days, in the middle column, mth that of streptom5’^cin on 

TABLE 2 


Comparison of Toxicity of Streptomycin and Dihydrostreptomycin 


Druf' 

Restment 

Ramber oj Cases 

Sir 

2/60 

177 

mm 

1 ^ 

SI! 

1/42 

1,SM 

Tone Mamfestatjon 

(Per cent of Cases) 

Vertigo 

62 7t 

8 9§ 

9 8 

Altered response to calonc stimulation 

6S 9t 

15 9t 

8 6 

Dimin renal function 

10 s§ 

8 Of 

2 4 

Dermatitis 

6 7 § 

7 n 

3 3 

Cessation of therapj compelled bj toxicitj 

6 4§ 

5 4J 

1 2 


* SM = streptomycin, DHSM = dihydrostreptomycin. 

t Numerator of fraction designates daily dose in grams, denominator duration of treat- 
ment in days 

t Difference between adjacent pairs statisticallj significant 
§ Difference between adjacent pairs not statistica'Ij significant. 

a regimen of 2 0 Gm a day for 60 days, to the left, it is possible to approximate 
a dose-for-dose comparison of the two drugs A similar comparison based on iden- 
tical penods of therapy may also be made by comparmg the mcidence of toxicity 
on a streptomycm regimen of 1 0 Gm a day for 42 daj's with a 42-daj’’ dihydro- 
streptomycm regimen of 2 0 Gm daily 

As the sjnnbols for the statistical significances of the differences mdicate m 
table 2, with dihydrostreptomycm there appears to be defimtely less vestibular 
toxicity than with streptomycm, but no less impairment of renal function, derma- 
titis, or frequency with which toxicity causes cessation of therapy, when the two 
drugs are compared dose for dose When streptom3’’cm and dihydrostreptom5''cm 
regimens of the same duration are compared, 2 0 Gm a day of dihydrostrepto- 
mycm IS found to be associated with sigmficantly more toxicity than 1 0 Gm a 
day of streptomycm, except that the reported mcidence of vertigo is not signifi- 
cantly different These preliminary data therefore suggest that dihydrostrepto- 
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mjcin IS less toxic ^^lth respect to vestibular function, but not less toxic than 
streptomyem v,nth rospcct to the other toxic manifestations mentioned The 
number of cases treated vatli dihydrostreptoraycm is small and it is anticipated 
that data reported to the next Strcptom5Tm Conference mil clarify the pictuic of 
the rclatne toxicitics of the Ivo related antibiotics 

Scnstiivity of Tuherde Bacilli to Streptomycin 

Throughout the streptomyem investigation, emphasis has been placed on 
determinations of sensitivity of tubercle bacilli recovered from patients before, 
dunng, and after completion of streptomycin therapy Determinations were 
made at first in liquid media, more recently on solid media Good comparability 
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Fig 4 Percentage of organisms resistant to 10 y of streptomycin per ml or more on 
\ anous streptomj cm regimens, at different times after start of therapy 

of results vas found, and the results for the two methods combined are presented 
in figure 4, in the case of tubercle bacilli vluch proved to be resistant to 10 y oi 
more of streptomyem per ml 

Differences for the three 120-day regimens (2 0 Gm , 1 0 Gm , and 0 5 Gm of 
streptomyem daily) of daily admmistration are not statistically significant, nor 
do significant differences exist between these data and those obtamed from the 
2 0 Gm a day for 60-day regimen Differences likewise are not significant be- 
tveen the tno 42-day regimens As a consequence, the percentages of resistant 
organisms for regimens of identical duration have been combmed and are pre- 
sented m figure 5 

Disregardmg the daily dosage of streptomyem, it appears that there is defi- 
mtely less emergence of resistant tubercle bacilli on a regimen of 42 days than on 
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regimens of either 60 or 120 days The cumulative lates for the emergence of 
tubercle bacilh resistant to 10 7 per ml or more vhen streptomycin vas ad- 
mmistered daily appear to be first month, 20 per cent, second month, 50 per 
cent, thu-d and fourth months, 62 5 and 75 per cent, lespectively Interpolations 
for regimens of other duration may be made between these pomts ivith a fair 
degree of accuiacj'' 

Data have also been gathered for the percentage of organisms lesistant to 100 7 
of streptomycin per ml or more Figure 6 presents these data for approximately 
500 cases treated on the 120-da3'- regunens, in comparison with the resistance 
data for the 10 7 per ml level As may be seen, there is a fairly close parallel 
betw^een the tw 0 lates, although they are at two levels, significantly different 
from each other 



Fig 5 Percentage of organisms resistant to 10 -j of streptonn cm per ml or more on 
^a^ous regimens, at different times after start of theripj 


In figure 5, data are also presented for the rate of emergence of tubercle bncilh 
resistant to 10 7 or more of streptomycin per ml on a regunen of I 0 Gm ad- 
mmistered every third daj for 120 days On this regimen, the rate of emergence 
of resistance per day of treatmait appears to approximate closely that of daily 
injection, being, on the ei erj^-three-day regimen, one-third the rate of that with 
daily administration Differences for this regimen from the data for the first three 
regimens (120, 60, and 42 dvajs) are significant at ail points in time up to 4 
months after the start of therapy Moreover, significant differences also exist at 
four months between these data (ex eiy-three-da^ regimen) and tlie x allies ob- 
tained from the 120'da5’ and GO-daj regimens 
Also showm m figure 5 are data for the rate of emergence of tubercle bacilli 
resistant to 10 •> of streptom.x cm per ml on a combined regimen of 1 0 Gm of 
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streptomycin daily and 9 to 15 Gm daily of para-ammosalicylic acid (PAS) The 
percentages of organisms resistant on this regimen are significantly lower than m 
the case of regimens of daily streptomycm admmistration without PAS for all 
points m tune except six months after the start of treatment, and at this point 
are significantly lower than for the 120- and 60-day regimens 

Thus, two methods appear to have promise m delaymg thn rate of emergence 
of resistant tubercle bacilli spacmg the administration of streptomycm farther 
apart, and combining stieptomycin with such an agent as PAS, which has 
tuberculostatic properties of its ovm 

Although data were presented by mdividual mvestigators at the Seventh 
Streptomycm Conference, w'hich indicate that rates of emergence of resistant 
strains of tubercle bacilli vary with the type of lesion which predommates m the 



Fig C Percentage of organisms resistant to 10 y of streptomj cm per ml or more and 
to 100 y of streptomj cm per ml or more on 120 daj regimens onlj 


patient under treatment, it is not possible from the data reported to make this 
type of cross-tabulation until indmdual case reports are analyzed It is probable, 
however, that the samples of cases reported for the different regimens do not 
differ appreciably' wuth respect to such associated \ anables 

CLIMCAE SIATERIAL 

Until analj'sis of cases reported on individual case report forms is complete, 
it is not possible to define wuth exactitude the composition of the clinical material 
tieatcd wnth streptomj'cin as regards race, sex, and age For the Sei enth Strepto- 
mj cm Conference (7) data are a^allable for the nearly 1,500 cases of pulraonary 
tuberculosis most recently treated, which may be represent atne of the larger 
series Seienty-foui per cent were white, 23 per cent, Negro, and 3 per tent, 
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“other” or unknown Eighty per cent were reported as aged 50 or under and 20 
per cent were over 50 yeare of age A very small number, probably less than 2 
per cent, are female 

The remainder of this report will be concerned chiefly with an examination of 
results obtained in the stieptomj^cin therapy of pulmonar}' tuberculosis It is 
based on data from approximately 2,000 cases w'hich were observed for at least 
120 days after the start of therapy, and were treated on seven different regimens 
For this purpose the tw o 1 0 Gm a day for 120-day regimens (emplojnng 5 and 2 
injections a day, respectively! have been combined, as results between the two 
subgroups appear to be identical 

Characienstics of Cases of Pulmonary Tuberculosis 

It IS desnable to detemune as accurately as possible whether the cases treated 
on the different legimens are comparable Greater assurance of comparabihty 
would have been available had more complete random selection been earned out 
Exammation will be made of the foUowmg charactenstics of cases of pulmonary 
tuberculosis at the start of treatment, on which data have been recorded stage 
of the disease, course of the disease during a pre-streptoms'cin observation penod 
of two or three months, cavities demonstrable, and the predommance of axuda- 
tion, as judged by the indiMdual mvestigatois The results are presented m 
figures 7 and 8 

As shown in figure 7, the percentage of cases with fai advanced disease at the 
start of treatment varied among the seven streptomycm regimens from 67 1 to 
78 4 The peicentage of cases with moderately advanced disease vaned from 19 7 
to 28^, and of those wath xmnimal disease from 0 to 5 4 per cent ‘'i^^le^eas there 
IS not more than a 10 per cent difference between the stages of the disease among 
the cases treated on these regunens, certam differences are statistically significant 
The lesions of the cases treated on the firet three regimens emploj'ed 2/120®, 
2/60, and 1/120 were sigmficantly less far advanced (68 per cent average) than 
those treated on the four streptomj’-cm regimens more recently studied, t c , 

0 5/120, 1/42, 0 5/42, and 1 q 3 d /120 (77 per cent far advanced) Cases treated 
on the 1/42 legimen were reported as far advanced significantlj’’ moie frequently 
than those on the 0 5/42 regimen 

With respect to the percentages of cases with disease progressive pnor to 
streptomycin therapy (figure 7), theie is seen to be consideiable uniformity (79 
per cent) among the cases treated on foui regimens 1/120, 2/60, 0 5/120, and 

1 /42 The lesions in the cases treated on the 0 5/42 legimen were less progressn e 
(73 per cent), howe^er, and on the 2/120 and 1 q 3d/120 regimens were least 
progressive (67 per cent) The latter differences are statistically significant 

In figure 8 are illustrated the values for the percentages of patients wnth ca% er- 
nous disease and those w^hose disease was judged to be predommantly (more than 
50 per cent) exudative With respect to the latter characteristic, the range of 

'Numerator of fraction indicates daily dose of streptomsem in grams, denominator 
indicates duration of therapy in dajs The abbrcMation q 3d is used to designate “everj' 
three days ” 
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Y nnation of percentage of cases on different regunens is 14 pei cent (from 59 to 
73 per cent), with the exception of the cases treated on the 1 q 3d /120 regimen 
The lesions m the latter group were far less predommantly exudative (24 per 
cent) than those treated on the other regimens Significant differences also were 
found between cases treated on the 2/120 and 1/120 regimens, between those 


llcguncn No 
1 8-2/120 368 

1 O/lZO 404 

2 0/ 60 112 

0 5/120 122 

1 0/ 42 959 

0 5/ 42 371 

q 3d /120 86 

2/42 DHSM 24 


Percent ol Cases 



Far Adv Mod Adv Minimal 

Stage of Disease 


1 8-2/120 360 


1 0/120 379 


2 0/ 60 110 


0 5/120 122 


1 0/ 42 921 


0 5/ 42 366 

q3d/l20 86 


2/42 DHSM 23 

0 10 20 30 40 50 60 70 80 90 100 

Pcjrcent of Cases 

I -1 k 

Progressive Stationary Regressive 

Pre-Strcptomycin Course of Disease 
(2-3 mos pre-SM) 

Fig 7 Charactenstics of cases of pulmonarj^ tuberculosis treated iMth streptomycin 
(at beginning of treatment) 



treated on the 0 5/120 and 0 5/42 regimens, and between those treated on the 
0 5/42 and 1/42 regimens 

A peculiar situation exists with respect to the percentage of cases reported as 
bemg demonstrably cavernous (figure 8) In gathering the data for the Seventh 
Conference on cases treated by the last four regimens, the mvestigators were 
asked to report whether cavities were small, medium, or large m size For pre- 
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vious Confeiences, on cases tieated by the first four regimens, mfoimation only 
wnth respect to the piesence or absence of cavities 'was requested and lecorded 
As figure 8 indicates, vith the tvo different methods of reporting, the cases 
treated on the last foui regimens aie reported to have a significantly higher per- 
centage of cavities If, hover ei, the data fiom the Seventh Streptom 5 'cin Con- 


Regimen No 

Percent of Cases 

3 10 20 30 40 SO 60 70 80 90 100 

1 1 1 ! 1 1 1 1 1 1 

I'B-Z/iZQ 375 




1 O/lZO 398 



BBBH BHBHI HBHH 


2 0/ 60 114 






0 5/120 122 




1 0/ 42 946 




0 5/42 359 




q 3d /120 84 



2/42 DHSM 21 



nn 

— j j 1 j 

EZ3 

With demonstrable caixties Without demonstrable cavities 


1 8-2/120 

375 

1 0/120 

398 

2 0/ 60 

114 

0 5/120 

12^ 

1 0/ 42 

944 

0 5/ 42 

363 

q 3d /120 

86 

2/42 DHSM 

23 



n3 

Predominant!) Exudative 
(50^ or more 



Less than 50 
Exudative 


Fig S Char-ictenstics of cases of pulmonao tuberculosis treated with streptomycin 
(at beginning of treatment) 


ference are re-e\ammed and the cases treated on these four regimens which are 
reported as having small carnties are excluded, the percentages of cases reported 
as harnng viedium or lorge covthes aie not significant!)’' different fiom those vhich 
were reported as cavernous on the first four legimens The figures for per cent 
cavernous with this modification are given m table 3 

In summarizing the comparisons among the cases treated on the various regi- 
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mens \vitli respect to stage, pre-streptomycm course, per cent cavernous, and per 
cent predommantly exudative, it is seen that a considerable degree of uniformity 
exists Where differences have been indicated as being statistically significant, 
they have not been large in terms of percentages and the probability of the differ- 
ences being significant has not been much less than 0 05 
Only one major diffeience has been noted the cases treated on the 1 q 3d /120 
regimen are much less predommantly exudative than those treated on the other 
regimens In addition, the disease of the 2/120 cases was slightly less far advanced 
and less predommantly exudative than the lesions m those treated on the other 
regimens, and the disease m the 0 5/42 cases was slightly less far advanced, less 
progressive (pre-streptomycm) and less predommantly exudative than the 1/42 
cases Although included m figures 7 and 8, data on the characteristics of the 24 

TABLE 3 


Characterisitcs of Cases of Pulmonary Tuberculosis Cases Reported as Cavernous, with 

Modifications^ 


STREPTOinaN REGOIEK 

NUMBER 

CASES 

TOTAI. CAVITIES 
DEMONSTRABLE 

NUMBER 

CASES 

LARGE AND ME 
DIUM CAVITIES 

DEMONSTRABLEf 


Num 

ber 

Per cent 


Num 

ber 

Per cent 

2 Gm /day — 120 days'* 

376 

235 

62 6 




1 Gm /day — 120 days' 

387 

253 

63 0 




2 Gm /day — 60 days' 

114 

68 

59 9 

! 



0 5 Gm /day — 120 days' 

122 

83 

68 0 




1 Gm /day — 42 days^ 

(946 

815 

86 2) 

946 

626 

66 2 

0 5 Gm /day — 42 days^ 

(359 

300 

83 6) 

359 

228 

63 5 

1-2 Gm q 3d — 120 days^ 

( 84 

73 

86 9) 

84 

64 

76 2 

2 Gm /day — 42 days DHSM'' 

1 (21 

21 

100 0) 

21 

16 

76 2 

1 


* Supersenpt numerals indicate Streptomycin Conference from Minutes of which data 
are obtained 

t See text for explanation These data available only for regimens reported to the 
Seventh Streptomycin Conference 

cases treated ivith dihydrostreptomycm have not been discussed m detail In 
thus stressing the similarity of the cases treated on the different regimens, the 
assumption has been made, according to the preceding paragraph, that cases on 
all regimens aie comparable with respect to the mcidence of cavernous disease 
It IS advisable, m attemptmg to assess the therapeutic effect of streptomycm 
therapy of different regimens on the groups of cases so differentiated, to keep 
these differences m mind But, until correlations or cross-tabulations are available 
from individual case report analyses, it will be difficult to determme the extent 
of allowance which should be made on their account 
From data gathered for the Seventh Streptomycm Conference (7), however, m 
the case of the 42-day regimens, it is possible to draw certain tentative conclu- 
sions The lesions of the more predommantly exudative cases improve more than 
those lesions which ivere judged to be less than 50 per cent exudative Moderately 
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advanced lesions impro\ c more fiequcnti}' than do far ad\anccd lesions, and the 
nnpiovcment is moic maintained (from the ■!J2-day point to the J20-daj point) 
Lesions which arc sfationnr^' during the pie-strcptomycm obsenation period 
improce least at i2 days, but slightly more than those which are progressn c be- 
foie stioptomycin at 120 dajs Those lesions, lelativcly few m number, which 
were regressne piioi to streptomycin therapj impro\cd most frequenth at both 
the i2-day and the J20-day point 

Results of Treatment of Pulmonavj Tuberculosis 

E\amination will bo made of the diffcrcncos reported between cases of pul- 
monari' tuberculosis treated on se^cn different streptomjem regimens m the 
following fnc respects (/) change m certain clinical signs, (2) change m pulmo- 
naiw' lesions as determined by rocntgcnographic obseiwation 120 da>s after the 
beginning of therapy, (5) incidence of relapse m pulmonarj^ lesions, interpreted 
as worsening roentgenograpliic observation after an initial improvement, (4) 
lates of “sputum conv'crsion” by culture, and (5) mortality 

Change m clinical signs Data have been collected on cases treated on eight 
legimens with respect to reduction of fever present at the start of therapy and 
weight change Moreover, for the first three regimens explored, changes m spu- 
tum volume were recorded The collected figures for these data are presented in 
table 4 

Approximately 40 pci cent of patients treated on all regimens were reported as 
being not febnle at the time therapy was begun In the remaming 60 per cent, 
febrile at the start of theraps’’, fever was reported as being not reduced in about 
one-eighth, as being reduced, but not to normal, in about one-third, and as being 
reduced to normal in slightly ov'cr one-half 

With respect to weight changes dunng the 120-da5" therapeutic period, the 
leported experience has been that 709 (38 per cent) of the 1,867 patients have 
had a w eight gam of over 10 pounds, 68 (4 per cent) have bad a w eight loss greater 
than 10 pounds, and 1,090 patients (58 per cent) hav^e liad a weight change of 
betw'een 10 pounds gain and 10 pounds loss, at the 120-da3’^ point 

Among the patients on the three regimens for which decrease m sputum 
volume IS reported (and the amount of decrease is not Icnown), the incidence of 
decrease is considerably less for those on the OO-da}'^ regimen than for those on 
the 120-day regimens 

Change tn rocntgcnographic observation at 120 days In figure 9 are shown the 
lesults of the investigators’ ratings of roentgenograpliic change for the results of 
treatment on seven streptomycin regimens In this figme aie represented the 
peicentage of cases in w Inch the disease improved and those reported as exhibiting 
marked improvement 

Almost identical percentages of improv^ement of all degiees occuned with the 
first four regimens (2/120^ 2/60, 1/120, and 0 5/120), averaging approximately 
80 per cent Improv^ement was noted in 75 per cent of the cases on the regimen 

"Numerator of fraction indicates daily dose of streptomvcin in grams, denominator 
indicates duration of therapj in davs 



TABLE 4 

Climcal Changes in Cases of Pulmonar7j Tuberculosis Treated with Streptomycin on Various 
Regimens during ISO-day Treatment Period 


STREPTOilYCTN REGIMENS 


CLINICAL OBSERVATIOV 

2 Gm /day 
120 days 

5* 

1 1 Gm /day 
120 days 

1 1 

1 2 Gm /day ' 
60 days 

i 

0 5 Gm /day 
120 days 

6* 

Febnle 
Beg Rx 

All Cases 

Febnle 
Beg Rx 

All Cases 

Febrile 
Beg Rx 

All Cases 

Febrile 
Beg Rx 

All Cases 

No 

% 

% 

No 

% 

% 

No 

% 

i 

No 

% 

% 

Temperature during Therapy 









1 




Reduced to normal 

135 

58 


166 

64 


16 

40 

■ 

37 

51 


Reduced but not to normal 

61 

26 


67 

25 


14 

35 

■ 

glil 

28 


Not reduced 

37 

16 


28 

11 


iS 

25 

1 

15 

21 

1 

Tot Temp Elev Beg Rx 

233 

100 

62 

261 

m 

66 

40 

100 

51 

72 

m 

59 

Temp not Elev Beg R\ 

142 


38 

137 


34 



49 

m 


41 

All Cases Treated I 

375 


100 

398 



i79 



122 


100 



No 

% 

No 

% 

No 

% 

No 

% 

Wt During IPO-d Period 









Wt gam over 10 lbs 

Wt change between gam 10 lbs and loss 10 

155 

41 

179 

45 

17 

21 

50 

41 

lbs 

204 

54 


501 


70 

67 

55 

Wt loss over 10 lbs 

16 

5 

g 



9 

5 

4 

All Cases Treated 

i 

375 

100 



79 

100 

122 

100 

Change in Sputum Volume 









Decreased m volume 

266 

71 

295 

74 

34 

43 

t 

t 

Not decreased in volume 

109 

29 

103 

26 

45 

57 

t 

t 

All Cases Treated 

375 


398 


79 


122 



STREPTOMYCIN REGIMENS 


1 

CLINICAL OBSERVATION 

1 Gm /day 
42 days 

7* 

0 5 Gm /day 
42 days 

7* 

1 

1—2 Gm q 3d 
120 days 

7* 

i 

2 Gm 
DHSMt/d 

42 days 

7* 

Febnle 
Beg Rx 

m 

V3 

rt 

U 

< 

Febrile 
Beg Rx 

All Cases 

Febrile 
Beg Rx 

All Cases 

Febnle 
Beg Rx 

All Cases 

No 

% 

% 

No 

% 

% 

No 

% 

% 

No 

' 1 

% 

% 

Temperature During Therapy 




1 









Reduced to normal 

346 

54| 


101 

46 


29 

74 


5 

33 


Reduced but not to normal 

235 



85 

38 


7 

18 


10 

67 


Not reduced 

66 

10 


36 

16 


3 

8 


. 0 

0 


Tot Temp Elev Beg Rx 

647 

m 

67 

222 

100 

59 

39 

ffii 

45 

i 

100 

63 

Normal or Unknown Beg R\ 

315 

1 

33 

152 


41 

47 


55 

■ 


37 

All Cases Treated 

962' 

1 



374' 

1 



86 


100 

24 


1 

100 
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TABLE 4 — Concluded 


SISETIomaN KGDIENS 


CXIWCAL OBSER\ATrOS 

X Gm /da> 

42 daj's 

7* 

OA Gm /da> 
42 days 

7* 

1-2 Gm q 3d 
120 days 

7* 

2 Gm 
DSSift/d 

42 days 

7* 


No 


No 

% 

No 

% 

No 

<7, 

TFf During ISO-d Period 









Wt gam over 10 lbs 

Wt change between gam 10 lbs and loss 10 

202 i 

1 

35 

SO 

33 

26 

33 


0 

10 lbs 

35S 

63 

155 

65 

51 

do 


BTiSl 

Wt loss over 10 lbs 

12 

! 2 

6 


1 

2 


0 

All Cases Treated 

572 

100 



78 

100 




* Numerals designate number of Streptomj'cin Conference from Minutes of which data 
are obtained 

t Data on changes in sputum volume available only for first three regimens, reported in 
Mmutes of Fifth Streptomj cm Conference 
t DHSM = Dih} drostreptomj cm 

employing 1 0 Gm a day every 3 daj-s for 120 daj's, m 70 pei cent of those on 
1 0 Gm a day ever}’' day for 42 days, and in 60 per cent of the cases treated with 
0 5 Gm a day for 42 days Only the results on the last named three regimens are 
statistically significantly diflferent, both from the first four regunens mentioned 
and among each other, with respect to all impiovement of pulmonary lesions by 
roentgenographic obsen'ation between the start of treatment and 120 da 5 ^s there- 
after Table 5 presents the data of figure 9 as to the percentages of all improve- 
ment by roentgenographic observation, arranged accordmg to the two vanables 
m the regimens The daily dose of streptomycm is presented m the honzontal 
axis, and the duration of therapy m the %'^ertical 
If the reports of change on roentgenographic observation mdicated as moderate 
improvement and marked improvement (mcludmg very marked improvement) 
are anal 3 ’'zed m a similar manner, however, a numbei of differences between 
regimens are found to be significant (table 6) Moderate and marked improve- 
ment IS more frequent on the 2/120 regimen (66 per cent) than on the 2/60 
regimen (52 per cent), on the 1/120 regimen (64 per cent) than on the 1/42 
regimen (47 per cent), on the 0 5/120 regimen (57 per cent) than on the 0 5/42 
regimen (41 per cent), on the 1/120 regimen (64 per cent) than on the 0 5/120 
regunen (57 per cent) , on the 2/60 regimen (52 per cent) than on the 1/42 regunen 
(47 per cent), and on the last named regunen than on the 0 5/42 regunen (41 
per cent) Sigmficant differences were lackmg only between the foUowmg regi- 
mens 2/120 and 1/120, and 0 5/120 and 1 q 3 d /120 

Referrmg to the precedmg section on the relative roentgenographic improve- 
ment vhich could be anticipated from the differences m the characteristics of the 
disease, it will be observed that the 2/120 cases had the highest mcidence of 
marked and moderate improvement (66 per cent), m spite of characteristics 
leadmg to the anticipation of relatively less unprovement hloreover, the cases 
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100 _ 



Regimen ^ 0.5 A- 0 5 q 3d 

lEO 120 60 120 42 42 120 

No o£ 

Cases 372 398 78 121 647 259 S2 

Fig 9 Percentage of improvement bj roentgenographic obseivation in cases of pulmo- 
narj tuberculosis treated with streptomycin on vanous regimens (all observations 120 
dajs after start of tberapj ) 

TABLE 5 


Comparison of Rocntgenograplnc Improvement at ISO Days among Seven Streptomycin 
Regimens in the Treatment of Pulmonary Tuberculosis 


DTOATION OF TREATMENT, D\YS 

DAILY DOSE STREPTOilYCIN, Git 


2 

1 ^ 

1 i 1 q 3d 



{Per cent of Cases) 

120 

82 

1 

- 80 

- 80 - 76 

60/42 

79 

- 70 

* 60 — 


* Difference between adjacent pairs statistically significant 
- Difference between pairs not statistically significant 


TABLE 6 


Comparison of Marked and Moderate Improvement by Roentgenographic Observation at 120 
Days among Seven Streptomycin Regimens in the Treatment of Pulmonary Tuberculosis 



DAILY DOSE STREPTOMYaN, Git 


2 

1 ^ 

1 i q 3d 

j 

1 


{Per cent of Cases) 

120 

66 

- 64 

* 57 - 49 


* 

* 


60/42 

62 

* 47 

* 41 — 


* Difference betiveen adjacent pairs statistically significant 
- Difference between pairs not statisticallj significant 
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treated on the 1/42 and 0 5/12 regimens, with charactenstics leading to the 
anticipation of rchtnely more improx ement, actually had the lowest This was 
most marked m the 0 5/42 Cviscs 

These results are again illustrated, in a three-dimensional manner, in figure 10 
From these data the following patterns begin to emerge 
a Among the four 120-day legimcns, there is onh a slight decrease m the per- 
centage of “all” improacment by roentgenographic obsenation as the daily dose 
of streptomycin is successuely decreased from 2 0 Gm to 1 0 Gm to 0 5 Gm , 
and then to I 0 Gm e\erj' three days, no one of the differences is statistically 
significant 

D&Uy Dose of Slrtpionry cia 



oC Cases 

I20-P&y 372 3?8 til BZ 

60/42-Da> 78 847 2*;o 


Fig 10 Comparison of improN ement in differing degrees bj roentgenographic obscrv i- 
tion among seven streptomjem regimens in the treatment of pulmonan tuberculosis, 
according to daih dose and duration of therapj 

b Among the same four regimens, there is more decrease with respect to the 
incidence of “marked and moderate” improvement wath decrease m daily dosage, 
although the differences are statistically sigmficant only between the 1/120 and 
0 5/120 cases 

e Among the three regimens of less than 120 days’ duration, there is sigmfi- 
eantly less improvement (of “marked and moderate” degree) on the two 42-day 
regimens than on the 2/60 regimen, and, on regimens of 42-day duration there is 
sigmficantly less improvement of “any” degree or of “marked and moderate” 
degree when the daily dose is decreased from 1 0 to 0 5 Gm a day With these 
regimens of shorter duration, the effect of decreasing daily dosage of strepto- 
mycin appears to be more marked than m the case of regimens of 120 daj's’ dura- 
tion 
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d Wlien regimens of identical dailj' dosage arc compaied, theie is m every in- 
stance a significant decicaso in the pci cent of cases leported as “markedly and 
moderateh ” improved as duiation is decreased from 120 da^-^s to 60 or 42 days, 
and, in addition, a significant decicase foi both the 1 0 Gm per day and the 0 5 
Gm per day comparisons for “all” degrees of roentgenographic improvement as 
duration is shortened from 120 to 42 daj^s 

194s jury rciiciD A biief vord may be added concerning the loentgenographic 
changes found by a “jurj'” vhich in March 1948 (5) conducted a leviev of pul- 
monarj' tuberculosis cases treated on three streptomycin legimens 

There vas no statistical difference between improvement in any degree or any 
combination of degrees at the 120-daj'- point among cases treated on the three 
regimens levieved 2 0 Gm per daj foi 120 days, 2 0 Gm per day for 60 days, 
and 1 0 Gm per day for 120 days 

The mechanics of the ]ur\' re\ lev made it possible to make comparisons both 
at 60 days and at 120 dass aftei the start of stieptomjcin therap}’^ Comparison 
of results at the 60-day point betv een the t\\ 0 2 0 Gm per day regimens, both 
therefore treated identically up to this point, indicated that in all probability 
the cases selected for treatment on the 2 0 Gm per day for 120-day regimen 
differed significantlj' from those selected for treatment on the 2 0 Gm per day 
for 60-daj regimen For there vas significantly less improvement in the former 
cases 

The juiy re^^e■v\ indicated that at 60 days treatment vith 2 0 Gm per day is 
superior to that vath 1 0 Gm per day, for the diffeiences at this point m time 
between these tvo regimens are statistically significant for all degrees of im- 
provement As the report of this jury review points out, however (5), the least 
amount of impiovement occurs vath the 2 0 Gm per daj" for 60-day regimen 
between the 60-day point and the 120-day point, so that the percentages of im- 
provement at 120 daj's betw een the tw o regimens are not significantly different 
If further observation and anatysis substantiate this conclusion, it might be 
concluded that larger doses for shorter periods of time lead to results equal to 
those of smaller doses for longer penods of time, in the range of the variables 
covered by the ]ury review 

Relapse ratcshyrocTiigenographic observation Figure 11 gives the ratesforielapse 
by roentgenographic observation, defined as w orsening after initial improvement, 
for cases treated on the seven streptomj’^cin regimens A considerable uniformity 
of rate of relapse as a function of time is reflected by these figures, especially for 
the 2/120*, the 2/60, the 1/120, and the 1 q 3d /120 regimens Differences be- 
tween these rates are not statistically significant In figure 11 only one curve is 
used to depict the relapse rates for both 42-day regimens as they are practically 
identical The relapse rates for these tw o regimens, and for the 0 5 Gm per day 
for 120-day regimen, aie in all probability significantly higher than for the other 
regimens, although the possibility of differences in reporting must alw^ays be 
taken mto account Wlien results from individual case report forms are avail- 
able, and it IS possible to be more certain of the accuraev of these obsen’'ations 

® Numerator of fraction indicates daily dose of streptomycin m grams, denominator 
indicates duration of therapy in dajs 
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than in such summarj' reporting as has been in use, it is quite possible that a 
just basis M ill be pro% ided for the resen'e b ilh w hicli m\ cstigators ha\ e employed 
the regimens of these loiicr total dosages 
“Sputum comermn” Figure 12 gnes the data for “sputum conversion” by 
culture The cnteiion for conversion vas “negative sputum” and/or gastric 
cultures for a minimum period of three months There is again a considerable 
uniformity in this regaid rmong the cases ticatcd on tlie different regimens 
Until indmdual case analj'sis data arc available, it has not been felt vorth vlule 
to subject these data to statistical analysis 



Dur&t{<m of Observation Af or Start of Therapy 

Fio 11 Eates of relapse (worsening after improvement) bj rocntgenographio obser\a* 
tion in streptomj cm-treated cases of pulmonaij tuberculosis (according to regimen and 
duration of obsenmtion). 

Table 7 may be studied m conjunction vnth figure 12, for it gives the fre- 
quencies with which collapse therapy is reported as having been used on the 
different regimens at different pomts m time Data on the vwious tjqies of col- 
lapse employed are not available In general, less collapse therapy was emploj^ed 
in the earher regimens, and the apparently higher “sputum conversion” lates 
noted for the twm 42-day regimens (top curve in figure 12) may well be more 
related to the higher frequency with which collapse was emploj>'ed m these cases 
than to the streptomycm therapy hluch more thorough anatysis will be required 
to clarify the relativ^e effects of collapse therapy and of streptomycin therapy on 
“sputum conversion” rates 

Moriahiy Figure 13 giv’^es the data for cumulative mortality lates It is to be 
noted that the three lowest rates aie those foi the three regimens with the larg- 
est total dosages (2 0 Gm per day for 120 days, 1 0 Gm per day for 120 days, 
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0-6 7-12 13 - 1 & 19-24 25-30 


Ttme of Report mot After fttArt of Therapy 

Fig 12 Rate of sputum con\ crsion bj culture m streptomycin-treated cases of pulmo- 
narj tuberculosis at various inters sis after start of treatment (according to regimen) 

TABLE 7 

Employment of Collapse Therapy tn Patients with Pulmonary Tuberculosis Treated with 
Slrcplomyctn on Various Regimens 



• SupetBcnpt numerals idcntifj Stwsptomyan Conferences from Mtnutea of which data are obtained 
t Data “during treatment penod” for this regimen only for 60 da>'3 (not 120 da^) 

t Number of collapeo cases calculated as follows per cent collapsed during treatment (first column) added to 
per cent collapsed since end of treatment (from Winufes of Streptomycin Conferences) to gi\e total per cent col 
lapsed this per cent applied to number of cases followed to gi\o number of cases collapsed 


and 2 0 Gm per day for 60 days) In figure 13 the mortality rates for the two 
42-day regimens and that for the 0 5 Gm per day for 120-day cases are signifi- 
cantly higher than for the cases studied on the three earlier regimens 
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Erlrapiihnonary Tnhcrcuhsts 

It %\ould be desirable to anafyze the effects of different streptomycin regimens 
on various tubeiculous conditions in a manner similar to that m which cases of 
pulmonaiy tubeiculosis ha\ e been analyzed Tins is not possible m most instances 
for the two piincipal reasons that the number of cases of each condition treated 
on each regimen have been relatnely small and the data defining the avtra- 
pulmonarjr conditions are less complete It is therefore necessar}” to make certain 
assumptions, such as that cases treated on different regimens are roughlj com- 
parable in all impoitant respects, and to interpret differences noted with greater 
reserv^e than in the case of pulmonarj’- tuberculosis 
In a few tuberculous conditions treated wnth streptomj'cm, such as tuber- 
culosis of the alimentar} tract, tuberculosis of the pericardium, peritoneum, 



Fig 13 Mortahtj rates in streptomj cin-treated cases of pulmonary tuberculosis, 
according to regimen and duration of observation 


skin, eye, and ear, results have been reported to successive Streptomycin Con- 
ferences m summarj’’ form disregardmg differences m results according to strep- 
tomyem regimen In these conditions mdividuahzed tjTies of analj^ses have been 
required Streptomyem-treated cases of tuberculous enteritis (8) and of tuber- 
culous peritonitis (9) have been so studied and reported, and studies are now 
under vray m the instance of tuberculous pericarditis (10), tuberculous otitis 
media (11), tuberculosis of the skm (12), and of the eye (13) 

Tuberculous iracheobronchitis, laryngitis, lyinpkadenihs, and sinuses and 
fisiulac Table 8 presents figures for the incidence of healmg, improvement, 
absence of change, and worsening, m cases of tuberculous tracheobionchitis, 
larjmgitis, smuses and fistulae, and Ijmphademtis, according to the streptomycm 
regimens employed 
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TABLE S 

Changes in other Tuberculous Lesions Treated on EarJOi/s Slrcplomyctn Regimens 
During Treatment Period (120 Days) 
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Exajmnation of the figmes m tuberculous tiacheobronclual and ]ar 3 T 3 geaI 
lesions during the 120 -da 3 ^ treatment period reveals some mconsistencies, mdi- 
catmg that cases treated on different regunens maj^ not have been entirely com- 
parable, but they do reflect a geneially favorable response of these conditions 
to streptomycin therapy m all lariations of regunen mvestigated Results m the 
treatment of tuberculous laryngitis appear shghtly less satisfactorj^ than m the 
treatment of tuberculous tiacheobronchitis Accurate data are not available with 
which to compare variations m therapeutic response with the type of lesion 
present at the start of treatment li\Tien healing occurred, it did so, on the aver- 
age, after siv to eight weeks of theiapy 
Accordmg to the figures in table 8, the lesponse of both tuberculous sinuses 
and fistulae (the latter defined as commumcatmg with a body cavity) to strep- 
tomycin therapy, with respect to per cent improved and healed, is unif orm?}'- 
excellent With respect to the per cent healed (evcludmg those which merely 
unproved), there may be a shghtly less favorable response m cases treated on the 
regimens of smaller dail}’- dosage At the Seventh Streptomycin Conference a 
report vas made from the Veterans Admmistration Hospital, Oteen, North 
Carohna (14), on results of tieatment woth 0 2 Gm a daj'- for 42 days This anal}’'- 
sis appeared to mdicate that, on a daily dosage of this order, draimng tuber- 
culous smuses respond less rapidly and less favorably to streptomycin than on 
regimens of larger daily dosage, and that 0 2 Gm of streptomycm a day is at or 
near the lower level of therapeutic efficacy for this condition 
The data m table 8 for tuberculous lymphademtis treated with streptomycm 
are relatively mconclusive, although it is suggested that the results of treatment 
with smaller doses for shorter periods of time are shghtlj'- infenor to those of 
treatment vnth larger doses for longer periods of time 
Gemiounnary iitberculosts A special studv of cases of genitounnao’- tuber- 
culosis treated with stieptomycin has been made at the Veterans Administra- 
tion Hospital, Bronx, N Y (15) ® Figures compiled for the Fifth, Sixth, and 
Seventh Streptomycin Conferences (5, 6, 7) suggest that there are no important 
differences accordmg to streptora 3 ’-cin regimen (2 0 Gm and 1 0 Gm a dav for 
120 days, 1 0 Gm and 0 5 Gm a day for 42 days) for the follomng obsen'ations 
disappearance and improvement of urinary symptoms, changes in pj'elographic 
and cystoscopic obsen'ations, and changes in genital lesions Improvement m 
unnaiy symptoms is reported in approximately 90 per cent of all treated cases, 
m cj’^stoscopic obsenations in approximatelj’’ 80 per cent, in gemtal lesions m 
approximately 50 per cent (in man} instances associated vith surgical pro- 
cedures), and m pyelographic obsen^ations m approxunately 25 per cent 
Figure 14 shons the “urinary^ conversion” rates by culture of 140 cases of 
gemtounnarj' tuberculosis treated on tluee regimens, in all of nhich urines posi- 
tne for tubercle bacilli were demonstrated at the start of treatment According 
to this entenon of the results of streptom 3 'cm therapy, which is more objective 

’ In this article the authors h-oe made a detailed analjsis of these streptomjcin-treatcd 
genitourmar\ cases The reader is referred to it for more careful assessment of the a anables 
of treafnient of gcnitounnari tuberculosis than is here possible 
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and probably of more clinical significance than those referred to m the preceding 
paragraph, it is observed that a regimen of larger daily dosage and longer dura' 
tion (2 0 Gm a day for 120 days) appears to exert a more favorable influence on 
the lesults Probably because the numbers of cases treated on the different regi- 
mens are not large, the differences between the percentages of “urmar}’’ conver- 
sion” indicated are sigmficant in onlj’- one mstance The percentage of cases 
with urine “converted” at 120 days after the start of treatment on the regimen 
of 2 0 Gm a day for 120 days (S3 per cent of 65 cases) is significantly greater 
than the percentage of cases with urine “converted” on the regimen of 1 0 Gm 
a day for 42 days (55 per cent of 40 cases) Differences betv een the percentages 
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period averaging 1 months (S months from tlie start of therapy) It is planned 
that another re\ lew of such cases, vith a longer follow-up period, will be carried 
out m the autumn of 1919 

From the data gathered at the reaiew of cases of tuberculosis of bone, joint, 
and caitilage conducted in ]March 194S (IG), additional analj'sis has indicated 
that lesults of stieptomjcin tieatment m these conditions may be superior wnth 
2 0 Gm a daj' to those ith 1 0 Gm a daj’’, and that longer duration of therapj' 
(over 120 days) maj’ be associated with a greater frequency of improA'ement b}' 
roentgcnogiaphic obsen ation than shorter durations of therapy (under 120 days) 
Figures 15 and 16 present these data Because the numbei of lesions rcAnewed 
was relatively small (105), statistical tests do not pro\e that the obseiw^ed differ- 


ALL LESIONS 


2-3 mos pre-SM 
to start Rx 


Observation b> V-ra} of Change from 
start to end 
Rx(avg 4 mos ) 


end Rx to 4 mos 
post-Sht (avg ) 


2 B SM/day 
1 g SM/day 



No of Cases 

2 B 50 6B 54 

1 B 21 37 23 

Fig 15 Effect of dosage on incident and rate of roeutgenographic improtement of 
tuberculosis of bones and joints treated with streptomjcin (1 0 to 2 0 Gm for 100 to 102 
da 5 s in 85 per cent of cases) Revievv bj Doctor Ghormlet 


ences between the legimens are significant If the trends noted continue in the 
larger senes which is to be reviewed, bow^ever, the differences would acquire 
increasing statistical significance 

Mthary hiberciilosis and tuhercidons meningitis Patients with miliarj' tuber- 
culosis and tuberculous memngitis have been treated on a variety of theiapeutic 
regimens The majority of patients hat'-e received at least 2 0 Gm a da}-- of strep- 
tomycin mtramuscularly, and patients watb tuberculous meningitis have le- 
ceived, m addition, 50 mg (originall 3 ’- 100 mg ) of streptomycin mtrathecally 
three times a week 

‘“This review was held September 17-18, 1949 The results 11111 be published in the 
Minutes of the Eighth Streptomjcin Conference, November 10-13, 1949, Atlanta, Georgia 
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Fig 17 Cumulative mortalitj of cases of miharj' tuberculosis and tuberculous menm 
gitis treated with streptomj cm, at various intenals after the start of therapj 


An analysis of the first 100 cases treated has been made (17) and a follott -up 
of the same gioup nas carried out m the spring of 1949 (18) Results of the 234 
cases which have been tieated and reported to date, presented only with respect 
to cumulati\e mortality, are given in figure 17 
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AVidi the incrcT^inR rcahr-ition that comparatnely favorable initial results 
are tempered b\ a stcadiij mountinp death rate ui(h the passage of time, usuallj 
because of the de\elopment of meningitis in patients vho pre\iouslj had acute 
miliarj tuberculosis and relapses m those ith meningitis, a number of \ anations 
of streptonncin therapy hiue been explored llicsc include intcrniptcd therapy 
m xarious forms, the omission of intrathecal thcrapj , and the combined use of 
tuo or more antimicrobial dnigs Data permitting cross-tabulations of results 
arc onlj axailnble ^\itb respect to the latter, and these arc presented m figure IS 
TIic chief drug used in addition to streptonncin in this senes has been Promin 
(sodium p,p' -diamino-diphcnj lsulfone-N,N' didc-xtrosc sulfonate), gi\cn intra- 


■■■' » ■ TffAlcd with SM Cembired Kx 6 0*J»e- 

^ eo_ 



Fig 18 Mortality of cases of miharj and meningeal tuberculosis treated with strep- 
tomj cm and combined therapy, at intervals after start of thcrapj 

venously m a daily dosage of 4 0 Gra during tu o of every three weeks Figure IS 
does not suggest that such combmed chemotherapy has improved the mortality 
experience m miharj’’ and meningeal tuberculosis over that for treatment with 
streptomyem alone 


DISCUSSION 

It has been the primary purpose of the cooperative investigation to explore m 
a systematic manner the effects of a relatively restricted number of variables in 
the treatment of tuberculosis These have been particularly the variables of 
streptomyem regimens, of variations in dosage, and duration of therapy Access 
through the cooperatmg Study Units to a relatively large volume of clinical 
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(hta, H'lcctoci iroUcd and rcpoilcd under tmifonn conditions, has m'^dc it pos- 
‘-iblo to gather in a short tune dat i which aie nioic signihcuiit than usually is 
po'^siblc Without such a toon.liiiatcd stud^ 

In addition to the lirgcr objectnes of the study, within the fiamcwoik of the 
larger imcstigation, indi\idual cooperating mscstigatois ha^e the opportunity, 
and are in fact encouiagcd, to exploic problems subsidiary' to the largei pioblem 
Such smaller inxestigatioiis niax ha\e the disad\.»ntagc of smallei size, but haye 
the ad\ ant apes of more intensive and uniform examination of results than is 
possible in the studv as a whole, and scvcnil such studies hnv'o pointed the way 
for the huger investigation at opportune moments 

Ei<ihia(iOn of rosid/s Jii the Ircatmcut of tuhLrcuiosis The pioblem of the evalua- 
tion of any form of tlicmpy is not an easy one in so chronic and variable a disease 
as tuberculosis It probably i'^ not an unfair statement to say that no uniform or 
standard method of reporting results of treatment of any fonn of tuberculosis 
lias been devased There is not agreement as to which criteria are the most im- 
portant or relatively most important Tlic usual appraisal is a composite of a 
numljcr of clinical observations, such as rocntgenographic change, sputum exam- 
ination, clinical 'Signs, and erythrocyte ‘^idimcntation rate In the final analysis 
van an? xiiihoxit detectable rcaclnatwn of the dtsca'sc under essentially “normal” 
'^ocio-economic conditions is the entenon for success of therapy' But obviously 
there are gradations of cfTicacy short of this end result which are recognized as 
satisfactory, and such a entenon, if solely relied upon, cannot be applied until 
many’ years have passed There is senous need for accurate evaluation of all 
av ailable clinical data at all stages of the treatment of the disease m order that as 
accurate prediction of later results may' be made as possible and ra order that 
new regimens of thcrapeusis may be evaluated with ns much promptness and 
validity' as possible 

The history of the cooperative streptomycm investigation of the Veteians Ad- 
Admmistration, Army', and Navy has been m large part a study' of such diflBcul- 
ties of ev'aluation Investigators have been under the opposed pressures of a 
natural desire to apply' their results, premature as they' may be, to chnical ma- 
terial, and of caution and patience m modify'ing regimens in the scientific in- 
terests of the study as a whole 

Conclusions drawn or inferred from data reported have in some mstances 
differed from impressions and estimates of indiv'idual inv'estigators and it has 
not been possible to disregard the latter entirely', for no sets of figures can com- 
pletely represent clinical experience 

Results of streptomycm treatment of pulmonaiy tuberculosis have been pre- 
sented wnth respect to such criteria as chnical signs, change by roentgenogiaphic 
observation during the therapeutic period, relapse by roentgenographic observa- 
tion durmg the post-streptomycin observ'ation period, “sputum conversion” at 
v'anous pomts in time, and the mortality experience to date While it may be 
expected that there will be disagreement as to the relative clinical importance 
of these observ'ations, a few relative weightings are mcreasmgly' apparent 

The initial optimism engendered by the prompt defervescence of patients with 
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acute forms of tubeiculosis when streptom 5 ^cm therapy is begun has been tem- 
pered by the realization that this initial response may generally be anticipated 
and still have little lelationship to a leasonably satisfactorj^ subsequent chmcal 
course To a lessei extent, the initiall}’' fa\orable roentgenographic response of 
pulmonary tuberculous lesions is likewise tempered by a steadily mountmg 
peicentage of relapse during and subsequent to streptomj'cm therapy 

Suppression of multiplication of tubercle bacilli m the body as a lesult of strep- 
tomycin theiapy is leflected initially by “conveision” of sputum and unne, cessa- 
tion of dramage fiom sinuses, et cetera, m a considerable peicentage of cases 
But it is probable that all tuberculous foci in the body aie never eliminated with 
streptomycin therapy, and the reappearance of tubercle bacilli from the same 
sources likemse limits the sigmficance of tins initial response 

Such clmical responses to streptomycm must be mterpreted m the hght of 
known facts and many others need to be detenmned The emergence of strep- 
tomycm-resistant strams of tubercle bacilh imdoubtedly is one of the most im- 
portant hmitmg factors m such chemotherapy The demonstiated mabihty of 
streptomycm to have an appreciably favorable influence upon lesions with a 
large necrotic component is another Undoubtedly tuberculous lesions of different 
tissues and organs respond to streptomjmm therapy m dissimilar fashion for 
reasons not completely understood Investigation is needed as to the role which 
othei factors may play, such as those of age, race, degree of disability of the host, 
concomitance of multiple tuberculous lesions, and probably others as yet un- 
suspected 

In pulmonary tuberculosis there are mdications that the less acute forms, those 
w'hieh might be termed subacute, respond approximately as well to streptomj'-cm 
as do the acute, and that even m the chronic forms, for these are almost never 
devoid of some acute component, some improvement may occur In the more 
chronic stages of the disease, how ever, relapse is more likely to occui than in the 
more acute stages and, when streptomycm is employed m chronic disease, it is 
of the utmost importance to combme it wath other suitable procedures such as 
collapse and excisional therapy in a well-mtegrated therapeutic program Addi- 
tional investigations are needed to determme the optimal manner m which such 
combmed therapy may be applied 

With so many unanswered problems remammg m the streptomycm treatment 
of tuberculosis, results of mvestigation such as those which have been presented 
must be regarded as prelimmaiy, and restricted m their significance Yet the 
study, through the conditions of its formation, has, it is beliexed, made possible 
certain conclusions of value, with respect to the relatively few variables on winch 
it has concentrated 

Statistical considerations Hart (19) has said 

It may be stated that careful objective clinical assessment, based on prenous experience 
with similnr types of cases as a standard, should, witli ngid safeguards, be adequate to 
demonstrate whether a new drug gix es either benefit or no benefit, pronded its action is 
more than slight On the other hand, the mclusion of a matched control senes, studied 
concurrently in order to permit compansons havnng statistical x-ahditj, would seem im- 
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jwntiNP for n jiirri'-o r>-'ilii ition of n new drop’s possibilities, hmititions, and the degree 
of permanence of its benebt 

As Ins lKN?n pointed out the need for eoncurrent controls has boon iccognizcd 
in this and there has been random selection of eases on the foui strepto- 
matin regimeii'' studied since April 191S and, before that, to a certain degree 
on the other stn'plomscin regimens except m the caac of the first one employed, 
the regimen of 1 8 or 2 0 Gm n dav for 120 daa s 

Present it ion of results has net erthelc'^s indicated that the selection of cases for 
treatment on dificrent streptonne in regimens has not entirely icached the levels 
which arc sticntificalh desirable In the ease of pulmonarj’^ tuberculosis, with rcla- 
tneK large numbers of cases, a considci-ible uniformity of clinical malenal, 
nctcrtliclcss, li, present, ccrtainlj' to a greater c\lcnt than in the case of various 
forms of cxtrapulmonarv tulicrculosis wbuh have been int cstignt-cd in this study 
and in which rclntnch smaller senes were aMiilablc 

The limitations of the methods of reporting results of the study to date have 
been mentioned It is l)elic\ed tint, when det uled analysis of results is possible 
through the methum of the individual case report form recently initiated, many 
of the limitations of the data considered in this report wall be removed and in- 
formation along other important lines will be forthcoming It is necessary at the 
present time to interjirct the data winch arc a\ailablc wnth the reservations indi- 
cated by thc«o considerations 

^Vith the incrca'-ed number of crises studied and the increasing complesity of 
the study in general, the necessity for statistical evaluation has increased This 
IS particularlj appaicnt m comparisons of results of treatment by several regi- 
mens In Hart’s words, streptomycin is no longer a "new^ drug”, differences m 
its effect accoidmg to regimen are not “more than slight”, and it does seem de- 
sirable to attempt a “precise c\ aluation of possibilities, limitations, and the 
degree of permanence of its benefit ” 

The “best” slrcptomijcin regmen It has not been the purpose of the study to 
define the single streptomycin regimen which is best smted to the treatment of 
all tuberculosis, oi of anv form of tuberculosis This w’^ould be an obviously im- 
possible and impiactical undertaking at the present time Emphasis has been 
placed on evaluation of such variations m streptomycin regimens as daily dose 
and duration of therapy 

Tlie results presented ha^ c indicated w'lth considerable statistical validity that, 
with respect to certain clinical observations m both pulmonary and extm- 
pulmonary tuberculosis, streptomycin therapy of longer duration is supenoi to 
that of shorter duration, and, moreover, to a lesser extent, that a daily dose of 
2 0 Gm IS supenor to a daily dose of 1 0 Gm In the latter instance, however, 
precise statistical analysis w^as required to detect this superiority, and the diffei- 
ences are slight even if statistically significant 

Moreover, it cannot be too strongly emphasized that slightly supenor clmical 
results are only one part of the problem Data have been presented which indicate 
conclusively that a streptomycm regimen of 2 0 Gm a day is associated with 
much greater toxicity than one of 1 0 Gm a day, especially if therapy is long 
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continued It is as yet premature to expect that dihydrostreptomycm, or other 
derivatives of streptomj'-cin which may yet be developed, will prove to be the 
entire solution to this problem And the data for the rates of emergence of re- 
sistant oiganisms mdicate conclusive!}' that streptomycm admimstered daily 
for long periods of time, up to three or four months, and not m combination with 
other tuberculostatic drugs, results in an unfortunately high percentage of drug- 
resistant microorganisms 

The demonstrated degiee of supenontj' of streptomycm regimens of greater 
duration and higher daily dosages, accordmg to chnical observations, therefore, 
is of more theoretical than practical importance if the present limitations of tox- 
icity and drug resistance remam unchanged From the theoretical standpomt, 
there may be merit nonetheless m the recognition of these differences Should, 
for example, a new denvative of streptomycm be developed which is markedly 
less toxic than streptomycm (or dihydrostreptomycm) and identical m thera- 
peutic effect, it is probable that administration vnth larger daily doses would be 
advisable And should devices be found which defimtely reduce the rate of emer- 
gence of streptomycm-resistant tubercle baciUi on contmuous daily therapy, as 
may be the case with combmed streptomycm-PAS therapj', it is probable that 
courses of longer duration would be desirable Another regimen with indications 
of great promise of mamtammg therapeutic efiScacy and delaymg the emergence 
of drug resistance is that of administermg streptomycm at intervals of approxi- 
matel}' three da 3 ''s It is possible that these two variations in therapy, combmed 
chemotherapy and mterrupted therapy, may themselves be combmed to effect 
still further reduction of the himtations of drug fastness, and these possibihties 
are currently bemg investigated withm this cooperative program If, through 
such devices, the emergence of resistant strains of tubercle baciUi were to be 
further delayed, it is possible that it will be found desirable appreciably to 
lengthen the duration of such combmed chemotherapy 

Summarizmg this discussion of the relative ments of different streptomycm 
regimens m the treatment of tuberculosis, it may be said that the difference m 
chmcal response between treatment with 2 0 Gm a day and with 1 0 Gm a 
day is very slight and of more theoretical than practical importance, particularly 
in view of the deffmtely greater toxicity of a regimen emplojnng 2 0 Gm a day 
The difference m therapeutic response between treatment with 1 0 Gm a day 
and vnth 0 5 Gm a day is greater, the latter bemg defimtely less effective, and 
there is not correspondmg decrease m toxicity In the hght of these considerations 
it IS probable thal 1 0 Grn a day ts the dosage of choice of the three daily dosages 
mvestigated, all factors bemg considered 

’With respect to contmuous daily streptomycm therapy, although regimens 
of’ 42-day duration are found to be associated with less therapeutic response 
than their longer counterparts with equivalent dosages because of the importance 
of the lumtation of drug resistance, it is nevertheless probable that duration of 
contmuous therapy should generally not exceed 42 or 60 days Addition of PAS, 
and such other devices as spacmg admmistration of streptomycm farther apart, 
may modify this statement It has not yet been demonstrated conclusively, 
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however, to what extent modifications will definitely delay drug resistance and 
rotam therapeutic equivalence Toxicity is a readily observed deterrent to the 
use of larger daily doses Tlie cmeigence of resistant strains of tubercle bacilh 
IS not easily detected and is no less serious a deterrent to unwuse use of strep- 
tomycin Until regimens of combined therapj^ or “mterrupted” therapy, or both, 
ha\e been standardized, thcieforc, the detennmation of the duration of stiep- 
tomycin therapj’’ should aln ays keep in mind the limitation of emerging resistance 
Helatixely short courses of strcptoinj'cmtheiapy, in the range of 42 and 60 days, 
duration, mth therapeutic efficacy approximating that of longer courses but 
mtli definitely less associated drug resistance, therefore at the present time ap- 
pear to be the ones most appropnate for general use with deviations therefrom 
for special purposes only 


SUMMAKY 

1 Between July 1946 and April 1949, the cooperative investigation of the 
Veterans Administration, Army, and Navy has studied the effects of streptomycm 
m the treatment of approximately 4,500 cases of tuberculosis, includmg nearly 
2,000 cases of pulmonary tuberculosis Careful plannmg and effective haison 
have resulted m uniform selection of chmeal matenal and recordmg of results 

2 The clmical effects of seven different streptomycm regimens have been m- 
vestigated, pnmanly with respect to the toxicity of the antibiotic, the rate of 
emergence of resistant strams of 31 tuberculosis, and the therapeutic result 
In addition, dihydrostreptomycm has been studied smee December 1948 

3 It has been demonstrated that reduemg the daily dosage of streptomycm 
from 2 0 Gm to 1 0 Gm to 0 5 Gm has successively reduced the mcidence of all 
important toxic manifestations, and that rednemg the duration of admimstra- 
tion of the drug from 120 days to 60 or to 42 days likewise is associated with 
reduced toxicity A reduction of the number of mjections mto which the total 
daily dosage is divided has also been associated with decreased mcidence of tox- 
icity These observations have been applied to vestibular dysfunction, impair- 
ment of renal function, dermatitis, drug pyreua, and other toxic manifestations 
discussed m the text Dihydrostreptomycm has been studied m only 56 cases, 
but it appears that it is less toxic than streptomycm with respect to vestibular 
function, but not otherwise significantly different m toxicity from its parent 
nonhydrogenated substance 

4 Strams of tubercle bacilli resistant to 10 y per ml or more of streptomycm 
emerge at a fairly regular rate, which appears to be mdependent of daily dosage 
m the ranges studied but definitely related to duration of therapy At the end of 
42 days of daily admmistration, approximately 35 per cent of specimens exammed 
are resistant to 10 7 per ml or more, at the end of 60 days, 50 per cent, at the 
end of 120 days, 75 per cent Admmistration of streptomycm every third day m- 
stead of daily results m rates of emergence of resistant strams of approximately 
one-third of these figures combmed therapy, with para-ammosalicyhc acid (PAB) 
added to streptomycin, reduces the rates of emergence of resistant strams still 
furthei 
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of ptiltnoiian tiihorculosm (ic'itod on %o\en stropiomjcin regimens, 
ev-ontinlh liomogoneoiis with re'^pecl lo such cntcii'i as ‘•lage of disease, pre- 
btieptoniMin toiin-e, and poi oent fuernoiis and piedominanth euidatne, 
c\lul»i(ed (hnita! u'^uKs of lonsiderahlc umformilv within the range of \ari<iblcs 
of logimcn studied 

(a) Fo\{'r, when pro'-ent at the start of treatment, was reduced in «e\en- 
eighks of the p itientsand retimed tonormal inMightb o%er half 7hrtc-eighthsof 
tiio cases had a weight gam of o\er 10 pounds Ihe \anations In regimen m these 
respetts are not large 

(1)) Koentgenogiaphic imiiro\cment \aries from S2 per tent m cases treated 
w ith 2 0 Gm a day foi 120 diu to 00 per cent in t a^es tre itcd w ith 0 5 Gra a 
da^ for 12 daj s Among cases tre itcd for 120 da} s, there is little decrease m the 
percentage showing all degrees of impro\emcnt, as the daily dose is decreased 
from 2 0 Gm to 1 0 Gm to 0 5 Gm , and to 1 0 Gm e\ei^ three da}s Tiiere is 
moie detrease in the percent age rcpoitcd as exhibiting degrees of roentgeno- 
griphic impi moment defined as “mnrhed” and “moderate ” There is a signifi- 
cant decrease m the percentage of cases classified as “markedl} and moderately” 
improaed m each daih dosage categon” (2 0, 1 0, and 0 5 Gm a day) when the 
duration of therapy is reduced fiom 120 to 60 or 12 daxs 

(e) Relapse rates arc quite uniform for cases treated with larger total dosages 
and arc slightly higher for cases treated watli 1 0 Gm a day for 42 da}s, or 05 
Gm a day for 120 or 42 da} s 

(d) Rates of “sputum comersion” by culture aie lemarkably uniform on all 
icgimcns studied, in sjutc of a considerable x anation in the incidence of collapse 
therapy which was employed m the dilTerent groups 

(e) Mortality experience has been uniform for the cases treated on the regimens 
of higher total dosages, it is slightly greater for the cases treated for 42 days, as 
w'ell as those tieated with 0 5 Gm a day for 120 days 

G It has not been possible in cases of extrapulmonar}' tuboiculosis to study 
the results of A'anations in streptom}cm therapy Avith the same thoroughness as 
m the case of pulmonar}-' tuberculosis, because of smaller numbers of cases and 
less complete data To the extent tliat such an analysis is possible, however, the 
same trends with icspcct to xaiiables of regimen are observed m these cases as m 
pulmonar}' tuberculosis 

7 The experience of the investigation in the treatment of miliary and menm- 
geal tuberculosis, including a number of additional vanations in therapy, has 
been piesented TSOiereas approximately 30 pei cent of cases of mihary tuber- 
culosis survive 18 months or more after the start of therapy, 10 per cent or less 
of cases which have tuberculous meningitis, whether with oi wnthout mihary 
tuberculosis, sunuve 18 months or more 

8 Pnmary emphasis has been placed m this report on the effect of variations 
in streptomycin regimen Recognition has been giv’^en the complexity of the prob- 
lem of the ev^aluation of results, including the statistical and the climcal The 
investigation has piobably laised as many questions as it has answered, and it is 
evident that the evaluation of stieptomycm therapy m tuberculosis calls for the 



/ 


1\\LU\TI0N 01- STKCPTOM-i CliN KI.GIMLNS 

wroful hal'incing of manj separate factor, especially those of toxicity, drag 
resistance, and the x ai ions facets of clinical response 

n It IS concluded that there has not \et been determined to be one “best” 
streptomj cm regimen One gram a da}’- appears to be a satisfactory daily dosage, 
but the duration of therapj , the spacing of single administrations, and the com- 
bination with ofhei chemotherapeutic agents mth tuberculostatic pioperties 
such as PAS, ha\c not j’ct been determined with validity Because of the limita- 
tions imposed upon streptomycin thcrapj*^ by the phenomenon of drug resistonce, 
it IS bcliex cd that duration of therapy should generally not exceed 42 oi 60 days, 
until procedures designed for dcla 3 "mg the emergence of streptomj’-cin-iesistant 
strains of tubercle bacilli haxe been adequatelj’’ standaidized 

SUMAKIO 

J iishprcaacion dc los R6gimcncs dc Eslrcplomrcina cn cl Tratamicnlo de 
la Tuberculosis Rcsciia del Estudio Rcahzado por la Admimslracion 
dc Vclcranos, cl Ej6rcilo y la Manna de los E U A 

1 Entrc julio, 1946 y abril, 1947, en una inxmstigacidn coopeiativa poi la 
Admimstracidn de '\’'eteranos, el Ej^rcito y la Manna de los E U A , se han 
estudiado los cfectos de la estreptomicina en el tratamiento de unos 4,500 cases 
de tuberculosis, incluso casi 2,000 de la forma pulmonar Un planeamiento cui- 
dadoso y una colaboracidn cfectiva han dado por resultado uniformidad en la 
seleccidn de los casos y en la anotacidn de resultados 

2 Fueron investigados los efectos elfmeos de siete distmtos r^gimenes de es- 
treptomicma, pnraordialmente con respecto a la toxicidad del antibidtico, el 
coeficiente de aparicidn de cepas resistentes del ilf luhercxdosxs y el resultado 
terapdutico Ademas, se ha estudiado la dihidroestreptomicma desde diciembre, 
1948 

3 Queda demostrado que, rebajando la dosis diana de estreptomicina de 2 0 
Gm a 1 0 Gm y a 0 5 Gm , se ha reducido sucesivamente la incidencia de todas 
las importantes mamfestaciones tdxicas, y que disminuyendo la duracidn de la 
administracidn de la droga de 120 a 60 6 42 dias, tambidn se atenua la toxicidad 
Una reduccidn del niimero de inyecciones en las cuales se divide la dosis diaria 
total ha ido igualmente asociada con menor toxicidad Estas observaciones rezan 
con la disfuncidn vestibular, el deterioro de la funcidn renal, la dermatitis, la 
pirexia medicamentosa y las otras mamfestaciones tdxicas discutidas en el texto 
del trabajo La dihidroestreptomicma solo fu6 estudiada en 56 casos, pero parece 
set menos tdxica que la estreptomicina con respecto a la funcidn vestibular, 
aunque en lo demas no discrepar mayor cosa de la sustancia matriz no hidro- 
genada 

4 Cepas de bacilos tuberculoses resistentes a 10 7 por ml 0 mas de estrep- 
tomicina aparecen con bastante regularidad, lo cual parece ser mdependiente de 
la dosis diana dentro de los limites estudiados pero estar claramente relacionado 
don la duracidn de la terapdutica A1 cabo de 42 dfas de admmistracidn diana, 
aproximadamente 35 por ciento de los ejemplares examinados son resistentes a 
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7 por ml 0 mds, al cabo de 60 dfas, 50 poi ciento, al cabo de 120 dias, 75 por 
cicnto La admimstiacidn de estieptomicma cada ties dlas, en vez de cada dla, 
liace bajar a la tercera paite esas cifras de apancidn de cepas resistentes La 
tcrapeutica combmada, con el acido para-ammosalicihco (PAS) agregado a la 
estreptomicma, bace bajar todavla mas los coeficientes de apancidn de cepas 
lesistentes 

5 Los casos de tubei culosis pulmonai ti atados con siete rdgimenes de estrepto- 
micina, esencialmente liomogdneos con lespecto a pautas tales como periodo de 
la enfermedad, tanda de preestreptomicina 3’- por ciento de formas cavernosas 3’^ 
de predommio exudativo, mamfestaron lesultados clfmcos de considerable um- 
formidad, dentro de la vanabilidad de los rdgimenes estudiados 

(a) La fiebre, cuando existfa al iniciar el tratamiento, bajd en siete octavos de 
los enfermos y descendid a lo normal en poco mas de la mitad En tres octavas 
paites de los casos bubo un aumento de peso de mds de 4 5 kg Las variaciones 
confoime al rdgimen seguido no fueron impoitantes en esos sentidos 

(b) La mejoria radioldgica vaiid de 82 poi ciento en los casos tratados con 2 0 
Gm dianos por 120 dfas, a 60 por ciento en los tratados con 0 5 Gm diarios 
durante 42 dIas Entre los tratados durante 120 dlas, dismmuyd poco el porcen- 
taje que muestra los distmtos grados de mejoila, a medida que la dosis diana 
dismmu3''6 de 2 0 Gm a 1 0 Gm 3’’ 0 5 Gm , 3^ a 1 0 Gm cada tres dfas, baj6 mds 
el porcentaje que muestra los grados de mejorfa radioldgica rotulados como 
“marcada” 3” "moderada” Hubo una dismmucidn significativa en el porcentaje 
de casos clasificados como “marcadamente” 3’- “moderadamente” mejorados en 
cada categorfa posoldgica diaria (2 0, 1 0 3’' 0 5 Gm dianos) cuando la duraeidn 
de la teiapSutica fud dismmufda de 120 a 60 6 42 dfas 

(c) Los coeficientes de recidivas fueron bastante uniformes para los casos 
tratados con dosis totaies mayoies y algomds altospaia los tratados con 1 0 Gm 
diano durante 42 dfas 0 0 5 Gm dianos durante 120 d 42 dfas 

(d) Las tasas de viraje del esputo en los cultivos fueron notables por lo um- 
formes con todos los rdgimenes estudiados, a pesar de la considerable vaiiacidn en 
la mcidencia de colapsoterapias empleadas en los distmtos grupos 

(e) La mortalidad experimentada fud umforme en los casos tratados con los 
rdgimenes mds altos en dosis total, levemente mayor en los tratados durante 42 
dfas asf como en los tratados con 0 5 Gm dianos durante 120 dfas 

6 En los casos de tuberculosis extrapulmonar no fud posible estudiar los re- 
sultados de las variaciones de la estreptomicmoterapia con la misma mmuciosidad 
que en los de tuberculosis pulmonar, debido a sei mds pequeQo el ndmero de casos 
y menos completes los datos Sin embargo, hasta donde fud posible observar, 
ngieron las mismas tendencias con respecto a las vanaciones de rdgimen que hubo 
en la tuberculosis pulmonar 

7 Presdntanse los datos relatives al tratamiento de la granuba 3’' la tubercu- 
losis menfngea, comprendiendo varias alteraciones mds de la terapdutica En tanto 
que sobremven unos 30 por ciento de los casos de granuba 18 meses 0 mds despuds 
de imciar la terapdutica, sdlo sobreviven ese tiempo 10 poi ciento o menos de los 
quo tienen meiungitis tuberculosa (3'a ha5’'a 0 no granuba) 
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8. En esta memoria se ha hecho hincapie en particulai* en el efecto de las varia- 
ciones del rdgimen de estreptomicina, reconociendo lo complejo que es el problema 
de la valuacidn de los resultados, incluso los estadisticos y los clinicos. La in- 
vestigaoidn probablemente ha planteado tantos problemas como los que ha re- 
suelto, siendo manifiesto que la justipreciacidn de la estreptomicinoterapia en la 
tuberculosis exige el delicado balanceo de muchos factores separados, y en par- 
ticular los de toxicidad, farmacorresistencia, y las varias facetas de la respuesta 
cHnica. 

9. Deducese que no se ha determinado todavla que haya un rdgimen estrepto- 
miclnico “mejor”. Un gramo diario parece constituir una dosis diaria satisfac- 
toria, pero la duracidn de la terapdutica, el espaciamiento entre las administra- 
ciones y la combinacidn con otros agentes quimioterapicos dotados de propiedades 
tuberculoestdticas, son puntos que no han sido aun determinados positivamente. 
Por virtud de las limitaciones impuestas a la estreptomicinoterapia por el fend- 
meno de farmacorresistencia, parece que la duracidn del tratamiento no debe 
generahnente exceder de 42 6 62 dfas, hasta que se hayan normalizado en forma 
adecuada los procedimientos encaminados a retai'dar la aparicidn de cenas es- 
treptomicinorresistentes de bacilos tuberculoses. 
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DIFFUSE PULMONARY GRANULOMATOSIS IN YOUNG WOMEN 
FOLLOWING EXPOSURE TO BERYLLIUM COMPOUNDS IN 
THE MANUFACTURE OF RADIO TUBES 

Report of Five Cases 
PAUL SLAVIN' 

(Received for publication April 20, 1949) 

INTRODUCTION 

Five young women, wnth a history of emplo 5 Tnent in the manufacture of 
radio tubes, developed a chronic lung ailment charactenzed bj-- shortness of 
hreath, cough, high pulse rate, and weight loss Increasing difficulty in breath- 
ing appeared to be the mam disabling feature The illness came on msidiously 
and the patients became aw^are of it when they no longer wuie employed in 
the radio tube factones 

In the first case no defimte ante-mortem diagnosis w as made and the nature 
of the disease became apparent through the autopsy findings The patient died 
in Maj"- 1944, at a time w'hen a group of workers in a fluorescent lamp factoiy, 
Salem, Massachusetts, developed an occupational lung illness The autopsy 
matenal obtained in this case by Dr Hamson S Martland was forwarded bj’' 
him to the late Dr L U Gardner, Saranac Lake, for correlation with the find- 
ings in the Salem cases Beryllium and other components of phosphors were 
revealed in a specimen of her lungs Later on, the Kettermg Laboratorj’- re- 
ported 3 0 7 of berylhum m 100 Gm of wet lung tissue Part of the pathological 
report by Dr Gardner and also the chenucal and spectrographic analyses are 
mcluded in the presentation of this case 

Three patients are ahve One of them had been working for over eight years 
in three different radio tube plants, in each of which she had been exposed to 
dust inhalation 

The other 2 patients had been employed for several years in the same plant, 
where the second patient spent her last fourteen months of factoiy employ- 
ment They had been working in the spray room, where the cathodes, gnd 
hooks, and filaments of the tubes are bemg coated with a mixture of phosphors 
The fifth case is included in retrospect She was seen in 1935 and no sigmfi- 
cance was attached then to her history of employment in a ladio tube plant 
The diagnosis could not be determined clinically and no autopsy was obtamed 

CASE REPORTS 

Case 1 The patient, C D , was a 25-jear-old, married, white woman She was first seen on 
October 29, 1942, when she consulted the writer because of severe shortness of breath 
Difficultj m breathing and a mild cough had begun about one year previously She be- 
came irritable and unduh fatigued at work She consulted her family phj sician in Decem- 
ber 1941 and on January 3, 1942 her illness was diagnosed as rheumatic heart disease and 

* 31 Lincoln Park, Newark, New Jersej 
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Fig 1 Cose 1 (Upper left) Oetobci 29, 1942 Right sided spontoneous pneumothoi i\ 
Diffuse nodular infiltration Enlarged tracheobronchial Ijmiph nodes Coi pulmonale 
Fig 2 Case 1 (Upper light) JCo\ ember 27, 1942 Right lung re-e\p iiided 
Pig 3 Case 1 (Bottom) Pebman 17, 1944 Pattern of nodular infiltration unchanged 
Pleural effusion simulating elevated right diaphiagm 


A chest loentgenognm of Septembei 13, 1943 showed a pleuial effusion at the base of 
the right lung 

The last chest roentgenogram (figure 3 Febiuan 17, 1944) levealed a convex configma- 
tion of the basal pleural effusion which simulated an elevated light diaphiagm 4ieas of 
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inciciscd trinsluce!ic\ were jircsent in the ipiccs of both lungs iiul in the left coslophrcnic 
sinus The nodul ir infiitrilion icin lined uncliuiged 

Roentgenogriphic o\ imin ition of the hones of both hinds w is ncgitne 
The tcmporiturc continued \irtudh noinul dining the entire courac of the illness 
There ms no eiidence of the presence of m icute infhmni iton piocess Her weight cinic 
down to 72 pounds, n loss of 3S pounds is conijiircd with herliighcsl weight Themenstru il 
peiiods were ibscnt for seieril months She reni lined nient ilh ilert ind slthough con- 
tinuoush under in owgen misk, miinged to do rending ind hind sewing 

On Mn\ 8, 1044 eirl\ in the morning, she isked to be propped up st iting tint slie w is 
no longer nblc to bienthc She died i few minutes Inter 

lOST MORTEM EWMIWTION nl OR H \nRiSON S M\RTI\M>, M S 1044 

The fingcrii Ills weie distincth clubbed Hiore weie no pilpible hmph nodes or skin 
lesions One pint of striw coioied fluid w is found in the ibdomiiiii cniiti iiid pehis 
The b\er w is displnccd nnd extended tliiee finger bieidths below cost il nnrgin The di i 
pill igm w IS opposite the sixth iib on the right side ind the fifth iib on the left side 

One pint of sti iw-coloied fluid iiid i feu old idliesions were pieseiit in the right pleiii d 
ciMtx Theie weie n few old ndhesions o\ci the ipex of the left lung The pericnidinl c im(\ 
contnined 50 cc of cleii i ellow fluid Theie w ns ni irked In peitiophi of the right xenfriele 
the muscle in the conus being 0 nun thick There w is no In pertropln of the muscle of the 
left ventiiclc w Inch w is onh G to 7 mm in thickness Xo rheum itic lesions were present on 
iin of the xnlves X'eir the enidinc end of the stonncli theic w is one Inige node 3 cm in 
dinmeter, which rcvenled on section the snme ippeiinncc is the lulu nodes The Inei w is 
smill with distinct nutmeg m likings Xogi inulomitoiis lesions weie found 

REPORT BX UR I EROX t CXRUNFR, DECEMBER 1 1044 

Gross ippcajaucc of Find 1 issues StihmiUtd The pleui il suifices of the light lung 
were roughened, due to the piesence of tTgs of ftbious idlicsions between which weie 
occasion il tlun-w-illed blebs piojcctiiig iboxe the suifice 

The specimen included poitions of the uppei iiid middle lobes onh The mijoi put of 
the formei md tint pait of the middle idjicent to the iiiteriobir hssiiie weie consohdited 
nnd cont lined lelntuelj few patent nii spices Inspection with i lens leieiled iiuineioiis 
discrete giex nodules which were rnieh Inrgei th in 1 mm in di uiietei These in eiei\ w i\ 
lesenibled sniill silicottc lesions Between them the wills of iii spices weie genei ilh 
thickened, so tint the nheoli were gienth leduced in sire Some of tins inteistiti il fibiosn 
was also nodulai in clniicter, but such lesions licked the definition of the pieiioiish 
described “silicotic” txpe foci, being much sniillei, lellow in color ind watliout dust pig 
mentation 

Extending downwiid fiom the ipex was i iiiultilocul u ci\if\ with ti ibecul ition due 
to undestioied vessels ind other bind-likc structures On the ti ibecul le weie in in\ 
minute, X ellow ish nodules Thiscivitx which extended within 3 mm of the pleui i hid 
no definite walls ind showed no evidence of caseition The smioundmg tissue w is eiilni 
aii-coiit lining oi in pi ices consisted of conglomci itions of giex pigmented nodules 

The middle lobe pieseiited widespieid coaise emplnsenii with inteicommuiuc itiiig 
blebs is large as 1 cm in di imetei This change was laigeh ceiiti il in the si ib of ti«siu 
submitted The miigiiis of the lobe contained more iii, but exen heie a lens lexciled thick 
ened alx'eolar walls with minx small coloi less md scatteied 1 iigci disciete giex nodules 
Vessels iiid bionchi were not lemiikable The bronchi il nodes weie eiiliiged model 
itelx film, giex mottled with x ellow The noimil iichitectiiio w is liigclx obscuicd The 
sui rounding connectix'e tissue was not distuibed 

Eximinition of the left lung showed a picture similii to th it of the light, with the ex- 
ception of the caxitx Theie weic iiioie md larger disciote nodules of the silicotic” txpc 
in the apex of the uppei lobe md manx more of the minute, ill defined x ellow nodules 
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IIk 1 . dim III m.lliniiM hi.il. s ip|i( m .1 »|iiit(‘ iiorni il i m < j.t f,ir ilisioitir.ii l.\ MirroiiiMJiiif. 

1( sioiis imi III I \( r M of niui us III M.tili t < i IK iii<| m mim. jil ir i in ilio luniiii i ] he opi 

ili.liiiiu of till ^millir nr sini.s hoi lui oim tiilioirlil, mImti ImiIkI l.\ proliforilni 
l< siinm 

III. l.lood ssil ih iii(.. - loiisisKil of (111 ol.liti ritioii of till (ii»iilir\ 1 . 1(1 ^Mlh till pir- 
•.mlniioof I irpi, thill « illi d iiti noli s in tin iiiuh fornii d ti.-.iii mil iniod. riti tonurkid 
ill erti of I lid irii rill*. Ill Til in\ l.iit not .11 \( s^-i K of J ir/,( r i ilil.n Noni lurc found in 
wliii li I oiiipli ti oliliti r it ion of till liiini n li id oi i nrrt d 

Ihi Irnihohnmrhinl mi ri' iinilMl ill\ I irM iiiii iiiO',i of tin ir norm il lU liitortiiri 

hid 1.(1 11 11 pi 11 I'll 111 k-ions >.111111 ir to tlio>.o in ihi liinj,.. ( onuloiiii r iti In iliiir rihro'-is 
Ii mI I oiiipli ti I\ ri pliii I d t III 1 1 lit r il port ton of lllo^f nodi >., li n inp onI\ i thin nni of 1 \ mpli 
Old ti-.'-ui i( till pi'riphi r\ J III I lit! r M IS >.(c(l( d Mith •'III ill pr iniiloin n, i itlir r rcllul ir 
or in \ irnnis st i^i s of In dim di pi ni r ition \ isildi dust u is sni dl in iniount, l.iit inrlti- 
sion l.odti s OI I iiiri d in tlio pi riplii r il •’one ind oi i ision ilh Mitliin the 1 irpr n iitril In dine 
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Ca'~c 2 Hie piticnt, S K , m is i I". \( ii old, nurricd, mIiiIc Moiniii mIio m is first soon b\ 
the M liter on Si pfcmlier 19, 191C 

Her present illness hepan sc\cii \cits, prcMoush, m VuRust 1039 nineteen months after 
she had stopped workinp on r idio tubes binte lint time she h id boon comphiniiip: of shoit 
ness of broitli, pioductne courIi, iiid Meiplit loss Ucpcitcd e\ iminations m i tiibcrciilosis 
eliiiic did not dctcriiiine the n ituic of her illness Sputum tests Mere iicRatne for tuborcle 
b icilli ind for fuiiRi Skin tiibereulin tests Mere ilsonegitno \ii operation on her sinuses 
m 1913 and i tonsilicctonn in 1915 brouRlit no relief V roontRenoRrapliic di icnosis of 
s in oidosis M is 111 ide in Pebru iri 191d 

The liiston of pist diseises m is iioueontubuton She gne birth to (mo ihildrcii The 
fust M IS born in September 1938, ciplit months ifter she quit f ictors Mork The seeond child 
M IS born in rso\ombcr 1913, si\ leirs iftei the beginning of hir present illness Both do 
li\ erics Mere under spiiul in icslhesi i 

The p iticnt’b f itlier died of pulmoinr\ tubeiculosis it the ige of 52 
The patient begin to Mork in f ictorics it the ige of thirteen Vt si\teen she Moiked for 
eight months on ridio tubes Vt nineteen she resumed this Mork and continued for seren 
and one half \ e irs in tMo diffeicnt pi nils, from 1930 until I inuan 193S Her Moik included 
mounting i ulio tubes, m elding ]nr(s of the tubes, Molding caibou plates to tubes, mounting 
gilds, and fiiidh hindling mici plates foi fourteen months Hei emploMiient in places 
other than ladio tube f ictones iinohed no oeeupitional exposure 

She M is undernourished, hax mg lost 3 1 pounds fiom a high of ICO pounds Her breathing 
isas 1 ipid and the xisiblc mucous membrmes Mere slighth cxanotic The fingeis Meic not 
clubbed Thoie m is no evidence of skin lesions ind thcsupeificial legion il hniph nodes mcic 
not cnluged The bent sounds moio clcii Vdxentitious sounds Mcie present oxer the 
uiipcr lobes of both lungs and at (ho base of the light lung The Inci and spleen moio not 
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ilpiblo Ilic blood pic‘'StiH' « IS lot mm of mi'Mun •'\stobc md b2 mm dmslolu 1 be 
it d 1 \p mU\ w 1 00(1 1 i 



Fig 1 Cise 2 (Uppei left) Is ovcmbor S, 1030 Diffuse gi muHr infiltiilion IIiln sbid- 
m\s mere ssed in sire and densits’- lie irt noimal 

Fig 5 Case 2 (Uppei right) Januiuj 25, 1941 Diffuse reticulonodulai infiltration, ovci- 
shadoiMiig the original grinul ir nodulation 

Fic G Case 2 (Loner left) Februarv 2, 1949 Disscminited calcification of nodules 
Reticulonodulai pattern unchanged 

Fig 7 Case 2 (Lowci right) June 19, 1949 Increased calcification of nodules Tuberculin 
and histoplasmin skin tests ncgvtwc Heart normal 

IIci first chest roentgenogram (figure 4, November 8, 1939) shoned a diffuse granular 
infiltration through both lungs Occasional larger nodules nore present among the minute 
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Utmill. ' iliii 111! \ iM 111 If MI nViii^s Jli. liil ir ‘.li ..lows «, n fnlir|,r(I iiid of 

111! ti I*-! il ill imiu III! Ill lit sli iiliiw \\ |M of I iionn il I iiii)i;^iir iiioti 

''Utis, mil III (limi 11.1 nip 1101,1 iin-<s|iov\i.l isi< iilih <lnili,,,„ii, r. titiili.iioiliiliri. Ittirii 
oi iiifiltr itioii, i)\i r-li iiloMiiiK till i,r unit ir iioilul itinn 

\ I 111 it i.H nip 1101,1 nil, t il 1 11 fours. iri I ili i (lipin I mu ,r\ J". I'Ml) vlioss, ,1 t difru-i 
i. Ill uloiioilul ir iiililtrilion iliroui,!i l.oth liiiii,^ I In mnsoil ss is « oniiio-i il of inxiiil ir 
iliiisiltis 111 . 1 111. roils tisMii si nulls 111, l.iiki,rouiiil ss is (lifTii-ils siipj.l, ,1 u,tl, , 1 ,^ r, ti 
luiintili iii.iliil. s ( iliili, ill posiis SSI ri [III SI Ml ssilliiii soiiii of tin 1 irpi r iioiiul ir ilrnsi 
Ills III! It II In ol.ri.iii In il Ismiili noil, s sliossi il no fiirlln r ( 111 irp nil lit I In In irt si, ,ilovs 
ss is uin li 1111,1 il 

1 111, Ills! nil nip 1101,1 mis of Oi loin r is I'Mi, s, pt, nil., r I'l l'i|(,, mil 1 1 l.rii irs 2 I'MS 
Its. ill il rjiri nliiiK I ili ilii itioii of tin noiliili s 

111 I mu irs I'M'i ^ln niiss, d i nniistriiil p, no 1 md in lil.niirs Inruriin ])rpi,n mrs 

list ss IS pi.siiisi sin ( i.iupl iiin d of furtlii r ssiii,lil loss mil of iin ri isin^ ssiMkiipss Iloi 

(ou|,li md ( \pi 1 tor Itiiiii ss, ri mur is n, ,f l.s tin < old ss, itln r I In sln.rtm ss of l.rr itli 
r. III nil, d iinoli m|.i d 

Iin , In si rm 111 1,1 niipr nil (lii,iii, (., Iil.ruirs 2 I'M'l) sln.ssid ssnlisprpid r ilcilir itioii 
tliroimli In.lli luii|,s til, { ill iin ill posits l.r ini, , lul.i fill, d ss It Inn tin I iri,or iiinlul ir di'iisi- 
ti, s 111, I, ti, iilonodul II i.ittirn of infill r ifion n ni nnod uinlimi.(d Mill irs priiiulfs 
sst'ti still sisii ili7i d III tin 1. iikproiitnl, lull most of ilnni ss, ro ol.siurid l.s cnniicitisL 
lissu, inlillrilis md l.s ririfnd in is r, pr, spitint, , o irs, , nipiis soiii i md I.lclis The 
null! 1 list, iplin nil sinus ss isl.luntid Fin lieirl sli nloss ipjn ireil loin nirrosser 

linn ss IS no isuhiiec of (oiitiniiint, ms isisoinss 1 he pr miilom itous reietion ss is 
HHi 111 nils 111 Its fill il st ip, of (Solution tin st ipo of st iliilired , ileifs inp lesions 

\ tin r ipi iitu il.ortion ss IS idsistd md pi rfonued 1 oei of in erosis ssen ))re=ent tii the 

j)I Kent I 

llie 1 1 st I \ niiiiiiitioii on luin 10 10|0 ns, ilcd some imjiroscnKiit in her peneril loiidi 
tioii With tin p issmp of tin told sse illu r, her couph md (\))Ptorilion h id decre ised ind 
sin li id t, imtd four pounds in sseiplit 1 he pulse rite ss is t>C per minute The he irl sounds 
\\(u nonnil Onis oieisionil idsenlitioiis sotinds iiore heird oser the limps Thcsilil 
Cl)) Kits ss IS 1,()7") (t , IS (oni))iied ssitli 1 (MX) tt diiriiip the ssmter months The test 
n pe ited tssui sse ik, iieil her md tt ii imnutes I itei her blood pressure ss is SO mm of mer 
eiiis ssstolit md 72 mm diistoli. In inotlier ten minutes re idmps of 02 mm ssstolic md 
72 mm di istolie sst re obi lined 

llie tliesi ro, ntpenopr im (fipiiie 7 Tunc 10 1040 ) shossed niditioii il cilcifie deiiosits 
ssitliin tin 1 irp, r nodules Moie null irs pruiulom is bee ime obseured bs connectiso tissue 
piolifer itioii The he irt sli idoss iiiiic ired to be norm il 1 hehil irslndosss sseie of mere ised 
deiisits 

The Iiistopl ismin skin test (1 100 dilution) ssis nepniise 


Case 3 The piticiit N \ , ss is i 20 sen old, mimed, ssliite ssomnii ssho ss is hrst seen 
on June 10, 1048 

In 1045, ssliile still ssoikiiip on r iilio tubes she ties eloped shortness of bienth on dmcinp 
md on climbinp She ilso bepm to lose sseight She ittnbuted these climges to mimed 
life In Tinuiirs 1047, si\ months iftei she stopped ssorkinp in the ridio tube fietors, she 
desclo])cd i productise cough She ss is trcited form uppei icspii itois infection but filled 
to imjirose llei condition piess ssorse iftei she bccimc picgnint ibout one month liter 
The rocntgenogi iphic hndings in !Mis 1047 ssere interpieted is i iccent pulmoniis infee 
tion of uiiknossn oiigin md she ss is hospitilired is i pncunionii ciso On Nosember S 
1017, the piticnt gnse biith to hei first child The shoitness of bieith md cough press 
stoidih ssorse Ilcpcited locntgenogripliic e\iniin itioiis continued to resell in obscure 
inilmonirs infection, sshich shossed cicnring inimedntels ifter childbirth but beemie 
ipRiivitcd litoi on Tubercle bicilli could not be demonsti itcd in hei sputum The skin 
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tuhclcuUu tests ue.c lepoitoa noRUu. On hin< !>. 1‘^IS hei ilhicss .luR^osed is 
possildo III n Ituun pr inuioni ito^is 

rhi hi'.ton of |Hsi iliseiseb i\ is nomnntnhutnn 
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Fk b C ise 3 (Lppet left) JuU 14, 1*)47 Diffuse leticulonoclul ii nifilti.ation Left 
bordci of litiit stiaightened 

Fic 9 Cise 3 (Uppci light) No\cmbei IG, 1948 Increnscd icticuloiiodiilai inhllnUon 
Right diaphiagm elevated Bulge in pulmon ui conus 

Fig 10 Cise 3 (Bottom) June IS, 1949 lleticulonodulai pattern unclnnged Coi 
pulmon lU 

The f imih histoii ii as negative foi pulmon iij tubeiculosis 

Ihe p itient began to vv oik it the age of fouitcen At Iw entv she m orked foi eight months 
on i idio tubes Piom August 193S until June 1946, she had been empioved continuously in 
the same ladui tube fictoiv when the second patient (Case 2) spent hei last fouiteen 
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lit.. mils <if I miiloMii. Ill 1 111 I. f.ir ilit ln^i ,, ii„. pn ,ii pitn nt u iwi,p. i|,((l ni ^olili r- 

in^c ipM.ii I .(111. III).. •) tiiii till rimiiiiiii(,M\iiiM ^p, „tiiil)i( ^pr i\ room .-priMiiK 

Kn.l hool.. for two \< ir.i .iiii! < itlio.lm for th. n. \i |u, m ,r. IIi r i iiipfoi moiit in pi irrs 

olio r til 111 till iiolio tiil.i f iPtorii .i iiimiUi (! no oi i up iiioiinl < xpoMin 

Iio'pii\‘’i( ti I \ tiitiii itioii r. \ I til il hliiii t III .'S of l.ri ttli till! ( \ iiiionis of ilif t i..il>lt nuiroiis 
III. inl.r nil H 1 tii nip. tin i il ri kkhi il Iv tiiph noili s ui r. not i nl irM i! mil tliori wfri no ■.kin 
li-ioiiM I III liii),. r-. ui ri not iliilil.iil 1 |,i puK, , u iv vr, pt r niiinilf 1 In In irl '•oiimK 
win ill ir till .<1 1 oiiil piilnionii muiihI n |.< n 1 1 ntn iti il \il\i ntitioii" .■oiinil'. wi rc pri •'i lit 

ovirtln rl^ht llln^, lilt, rioih in.l o\. r tin 1 . ft lowi i i\ill ir\ ii cion I hr Ini r mil .-IiImii 

win not pilptlili 111! l.looil pn .-Mill' w isll.’inni ofniiriiin si Mohr miirsnini ilnstohr 
1 ho i It il I ip n It i w IS 1 MX) 1 1 or >t) pi t 1 1 m of I In norm il I hi w i ipht w is iionn il 10 

poiiiiils h ss ih in hr r hit,hi st wi i),ht 

llirprinioiischisi rointMniif,rim fhuiii 'i Iiih 11 I'lIT) show, il i p in r iliroil rotiiiilo 
noiliil II iiililt r it ion throiii^h Imth liiti^. In his 1 hi innliili’s lo(,il1nr with fihroiis tissue 
striiiils forinul i ih nsi nitworl tin h n ki^roiin.l of whii h w is siipph il hi i ihfTiisc mill in 
noiliilition Ihi liil ir shnlows mri of tm n isi il iliiisiti 1 hi lift honler of the licirt 
sh nlow w IS sti iiphti III il 

I ho skin till)! ri lilili ti st \i IS posiiiK 

1 \ imin it 11)11 on \om mhi r It., hits ri i. ilul i lowi nni, of In r \it il i ijmiti to 1 2(X) ri 
1 ho ohost roi lit t,i not,r nil (Imiin n Noiimhir l(i t'll'') showiil iiicroisoil nodul ition iti 
both hint,s 1 ho rrlti iilonoilul ir ji itti rn of iiihltr ition n in iineil unoli inM‘1 On the ripht, 
lino ir in is of vtoh 1 1 isis \u ro jin si nt ui tin lowi r I ili r il portion of the lutip ind the dm- 
plii icni was old itod i ivisimt tin nodules to hoe onto inori erowdid th in on the loft side 
'I ho lulu sh idows Ml ro me ri isi d in sire iiid the hroiuhm i«t ul ir in irkint,« e \ttnelim: into 
the h is( s Ml 10 tlue koned Ihoie w is now i hiilto in tlio ro|,ioii of the pulmoii in conus 
1 ho cr luuloni itous roietioii w is ohiioiish still m the in\ isiio st i^o 
lilt 1 ist o\ imin Ition on hnio IS, ]0P1 reio ih d some improiomont in hi r }.cnoril condi 
tion Her eoiit,h mil espeetoi ition suhsidod mth the toniinp of w inn woithor she hid 
p lined thre e pounds III weipht Her pulse r ite ii is I(K) per niiiiute Oiili oioisioiiil idienti 
tious sounds lien hi ml o\ or either luiip Ihe second jiiilnionie sound w is ni irkcelh icccn 
tu’ited 1 he hlood fiu ssiiri w is 101 nun s\ stohe and 72 mni di istohc 1 he \ it d t i]) iciti 
ii IS 1,')00 ee IS coinpuod with 1 200 ee. m Noienihor lOIS The test proioketl emiphing 
mil eoiild not ho reptited 

T lie I lust roentpeiiopr nil (lipiiro 10, fuin, IS 1010) showed no increase in the nodul ition 
111(1 no ch uipe m the re titulonodiil ir iiitterii of mriltrition On the riptit, the Imcir ire is 
of itole ct ISIS were still lire se nt in the lorn i poi tion of the limp uid the diaplii ipni icin lined 
eloi lied 1 he hulpe m the le pion of the piilnioii ui conus hoc inic moic prominent 

Ihere w is no eiideiiLO of contmump un ism ness hut the outlook i\ is uiifiioriblo 
htc uisc of idi iiuinp right icntricul ir eiii upement 

rose} Ihcintunl 1 D w is i 2{i le u old nniii lined white worn iii who was fust scon 
on Itiiit 21, lots 

In rchruiin lO-IS, lifleen nionths aftei she h id stopped woikiiip m 1 1 who tube f ictoii , 
the p itiont noticed some shoitness of hieith on clunhmp mil hot une iw ue of woiplit loss 
In \pnl 1018 she del eloped i coupli and hepan to i use ‘luinpi sputum ” On June 7 I*)4S 
she consulted hci fuiiili phisieim who lehised i chest looiitpoiiopi un md iiiteipietod 
the fiiiehnps as mehcilne of hcnlhuni pi imilomitosis 

The lustori of hci pist illnesses w is iioncoiiliihutoii Kepoitccl skin tuheicuhii tests 
M ero iicpalii e 

The finiih histoii w is nopitiic foi pulinouui tuboiculosis 

\t the ape of eiphttcn the piticnt hid iioiked foi one lOir as a salesgiil u\d ollicc re- 
eeptioiiisl kt nineteen, on M iich 17 10-11, she began iioik in the simc factoii where fin 
third patient (Case 3) w is woikinp it the time The piesent tntiont was pi iced m the sprae 
loom md woikod tlicic stcuhli foi hie leiis iiid eight months Foi the first two learsslic 
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,\oikcd on filaments and foi Uic nc\t tno aoub is i utilili prl, lior iioik includiiiK the 
spi iMiig of cithodcb iiheiKiei the icpul ir spi uer ii is. ilisent During the 1 isL tiicnti 
months she iioiked on louhng e ithodcs She left the f uton on October li, I'llC to lesumc 
oflicework 

The pin Sled esiminition reiealed shortness of hieith The sujieifici d legional hiiijih 
nodes were not Old uged ind there iicri no skin lesions Ihe fingers lu ic slighth clubbed 
The lieui sounds nere iioriii d \d\eiililious sounds iieie present oicr the i\dhin iiid 
bisd portions of the right lung ind inei si »»(pied ircasof the left lung Uhe blond piessuie 
iMsllfimm ofmeicun sistohc ind 80 mm di istolie 1 he Mtal c ipnciU \\isl,'100ce Ihe 
Height was 1211 pounds, font pounds beloii norm d ind fiieiiU pounds less Ih in in Octobei 
1040 

The chest incntgenogrim (figure 11, lune 21, 10181 rp\c ded a diffuse nnliaii iiodiil ition 
thioughout both lungs with i superimposed, thinlx spieid iKtwoik of laigei nodules ind 



Fig 11 Case 4 (Leftl Tune 21, 191S Diffuse milian nodulation Beginning reticulo 
nodulai infiltiation Heart normal 

Fig 12 Case 4 (Right) June IS, 1049 Diffuse rcticulonodular infiltration, obscuiing 
the oiiginal mdian nodulation Heait noimal 

fibrous tissue strands The loot shidows weie of increased density The heait sh idow was 
of a noimal configuiation There was a consideiable scoliosis wath the convexity tow aid 
the right 

The granulomatous reaction was still in the early phases of the invasive stage 

Examination on June IS, 1949 revealed progression of the disease She was still doing 
office work but complained of increased shortness of breath on slight exertion and aftei 
meals An iintative cough, mucopurulent expectoration, and a shaip pain in the lowei 
portion of the left chest persisted throughout the winter months She had lost four moie 
pounds in weight The pulse i ate was 72 per minute The blood pressuie was 106 mm sis- 
tolic and SS mm diastolic Adventitious sounds weie piesent over majoi poitions of each 
lung The heart sounds weie noimal The vital capacity was 1,550 cc , a di op of 350 cc since 
the examination one ^eai pieviouslj 

The chest loentgenogiam (figure 12, June IS, 1949) showed considerable connective tissue 
piolifeiation through both lung fields, the reticulonodular infiltration oveishadowang and 
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)i II 1 1\ III III), t III mill ti \ iiiiiliil it mil I III (lilt ) I III itf t 111 l( ft ill iplir it;iii lire inii’ irrcpiil ir 
I 111' 111 lit '•li hIiiw v\ '!•< mil III iI III! Iiil ir vli iiliiu s \M ri tiiii li iii|.( il 
1 Ini'- f ir tliiri u m ium miIi m i nf iit,lit \i nt in iil ii i nl iri.( ini iit 


< ii'-i > 1 III )) it II lit I I) w m I J1 \i II iilil 111 in ml wliiti \Miiii til who w lb limt ‘■pon 1)11 

M i\ I I'tlti whin bill I (iin|il inn il of bhoitiiisb of Im ith loimh piofiibc i \i)i i tor itioii, 

imi wi i(:ht lob' 

111! nil iit|,i iioj,i nil ((ij,iiri H, M i\ I I'litii km ih d i jii i iili ir (lifTitbi li iniipbs oior 
''ll iilowini, hoth hum III hib mil i oiibibtiim of Inn (,rniiil(b 1 hi hil ir bh iilowb wtio not pii 
I 111,1 il mil Will of 1 iiotiii il ill iibit\ 'fill III irt bh iilow w ib of i iioi in il roiifiMir ihoii 
\nothii 1 III 111 (,1 noj’r nil I il i n two wii kb 1 iti r bhowpil tin luilinon in hinnobstohi 
nil II ibi il 111 ill iibit\ '1 In bjnitiiin w IS III ntu( for tiiln ri Ip li mill 

I In piliint intinil i tiiln ri iitosis btiiitoiiiini foi otibi r\ itioii 1 liP hospit il ri PoriK 

inilipili th It III I'HJ, it tin mi ofimhiiiii shi worki il for thn i months on rnlio tuhps 
1 111 ri' w ib III) hist or\ of otln r in i up itioii il i \poburi b 1 Ii r pir si nt illin bs In in in Dpppiii 
In I I'H"), thill M iib followiim 111' Pinplox nil lit in i riilio tiiln futon 

1 In nil iitp iio^r nil on nlniibbion to tin s ni itoriinii (Imiiri II him 21 I'Mlil rp\pil(,il 
I onihn nt ill iibitii b o\ ( I (hi lowirthrii fourths of hotli hum hi'Iils In sonip in isbiittorcil 
1 iiKPr iiinhih s i oiilil In ilistiim>i>‘'hi '1 throimh tho ih iisitips I in niippr portioiib of tlip 
hums n I niKil tho s nin h iriin sb whiih prp\ nh il on tlip pmioiis films, hut tin 1 irpor 
^ isi 111 ir 111 irkiims WI IP sill roimili il In < oiithu nt ilpiisitii s in pi n i of tho p irlii iil itp mill 
ti it ion \ Il 11 low pin iimothoi i\ sp m> stp ir ili <1 tin iippi r Ihinl of tlip h ft limp from the 
iiiPili istiinini mil fioni tin ilonu of tin ilnst 1 hi hil ir shiilows wiro oh'ipuiPil V hiilpo 
w IS pi(s(nt III till' r< pioii of the piihnonin (oiius 

Mil lift tin s in itoinini III ‘'i pti min I I'llh While tlipii sin h nl ippp itpii fphrilp itt icks 
hii t( nipi I itiiK nil limp It oiip tmii 102(i'’l Comiiilpiit with tliP fphiili itt icks wore tin 
ippi irniK of toiilhunl ilinsitiis m tin lower portions of tlip hinp liehls mil iiouml tho 
liipir\ isi til ir III irkiiips Ilipsi lipiisitios wpio not st itioii ii\ mil wprp oin loiish iiroiliicpil 
h\ piilmomin piIpiii i Simil ii lopiitpoinmriphic Imiliims wpip dpsciilipil m tlip Silom ci«ps 
(3,0) 11(1 inilfer rilp i nmctl hetwpen lOS mil 131 ppi nnmitp Ihi wpiplit on ihschiipp w is 
SO pounds i loss of 12 pounds siiiip idmisbioii Kpppitpd s]nitum tpsts wore iippifnp for 
tuln rcle h mill mil foi fuiipi Skin tuhpiiulm tests wpip ilsonipitne 

The lopiitpenopi mi on dischnpo fiom the snintoiium showed i dilTuse pi imil ir mlil- 
ti itioii 111 the upppi 11 ilf of p ich luiip field Some I irper nodiilps were present nionpsidi the 
\ iscul II 111 irkmps Confluent diiisitiis, intensified 1>\ the hieist shidows, weie still o\ei 
sh idowmp the lowpi jioitions of both limps The left sided spontmeous piieiimothoris h id 
icsoihed llip huipe m the repioii of the ptilinoii in loiiiis piew Hipei The hil ii slndows 
weie still ohbtuied 

She letuined to the smitorium foi e\ munition on Noicmbei 0 1*137 The chest locnt 
ppiiopi ml (fipuie 15, Noieinhei *1, 1*137) showed i dilTuso pimulii mhltmtion ind supei- 
miposed bi itteied elustcis of 1 iipei nodules tliiouplioiit hoth lung hclds The liil ir sh idows 
WHO of i honiogeneous dcnsiti The iipht lenliicle w is nnikedh eiilnped 
She died one month 1 iter, on Dicembei 13, 1*137 

COMMENT 

The symptom ilology of chiomc beiyllium gi mulomitosis is dommited b\ 
shoitness of bieith md by cough The disctsc hems no signs of an infections 
piocess and inns a piogiessiye coinse, uninteiiupted by i emissions Because 
of an insidious onset, the patients seek medical adMce yith the disease usualh 
fai adyanced 

A clinical diagnosis is based on a liistoiy of exposuie to ben Ilium compounds 
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nnd on (\pical locnlgcnogiaplnt findingb Onh in the occasional case can the 
diagnosis he coiioboiated dining life In lecoien of heiyllnim fiom the mine 



Fir la CiseS (Uppei left) Mai 4, 1936 Diffuse gianuHi haziness oveisliadoinng lung 
fields Kent noimal 

Fig 14 Case 5 fUpper right) June 23, 1936 Confluent densities over lower thiee-fourths 
of lung fields Left sided spontaneous pncumothoia\ Coi pulmonale 

Fic 15 Case 5 (Bottom) Novembei 9, 1937 Diffuse, pi edominanth granular infiltia- 
tion Alaiked cor pulmonale 

The post -moi tern findings invariabl 5 ’' include demonstiation of berjdhum in 
the lung tissue 

Evidence of c%pomrc to herijlliwn It is certain that beiylhum compounds 
had been used extensivelj’’ in the ladio tube factoiies at the time the five pa- 
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ticnts \\ou‘ woilvinn llicic ] hr LuUn\ uoihcr- woio not proloded against 
mil’ll i(ion of fmoK pniMai/rd pliosphoi- In (ho spi u uumi, whoic (he cath- 
olics, gild hooks, ind tiiiniints of die tuhc> ^scrf heing loitcd with i nii\tiirc 
of jihosplioiN, c\cn the <pi nii- ucic not piovidcd with innsk- 



Fig 1G Case 1 (Top') Inclusion bodies hing ficc in debus of bon Ilium gniuilonn 

Fig 17 Case 1 (Bottom) Edge of bcnlliuin nodule suiioundod b^ grnnuHtion tissue, 
containing giant cells ind iccllulai tissue infiltrated aMth hmphoc\tos 

In the fiist ease, the e\posuie in ladio tube factoiies uas mciiminatcd bj’ 
the piesence of beiylhum and othei components of the pliosphois in hei lungs 
The added exposuie in lemoMiig insulation fiom bei} Ilium coppei unes uas 
appaientlj" lesponsible foi the finding of inclusion bodies (figuie IG) “of the 
charactei and fiequencj’, noted ontj’-mtuo cases of beiylhum coppei castei-s, 
hmgs” (2) 

The stiuctuial foatuies of the giamilomas (figuie 17) seived to distinguish 
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them fiom sihcosis nnd fiom sihco-tubciculosis (1, 2) The lesults of the chemi- 
cal amljais i\eie ilso negative foi silicosis (low ash value of 4 36 per cent) 
The inclusion bodies diffcicd fiom those seen in saicoidosis (2) 

The second piticnt had been exposed to dust inhalation in tliiee diffeient 
ladio tube factoiies foi a peiiod of moie than eight years She voiked for fom- 
teen months in the same factoiy, Mlieie the next two patients developed a 
similai illness The natuie of the dust could not be specified by the patient, 
but theie was no fiee silica dust 

The third and fouith patients had been woiking dining a concuiient length 
of time m the spiaj’’ loom of a ladio tube factoiy Both had been diiectly ex- 
posed to an atmosphere laden with puheiized phosphois containing beryllium 
The exposuie of the thud patient began one and one-half yeais eailiei and had 
been moie intense because of liei w oik as a full-time sprayei Consequently, 
hei illness became appaient two and one-half yeais eailiei than that of the fourth 
patient and has lesulted in m uked lieait damage 

The lelationship of exposuie to beiyllium and the pulmonaij’- gianulomatous 
leaction is obvious in these two cases and has been fuithei substantiated by the 
occuiience of additional instances ot a similai disease among the woikeis of 
the same factoiy 

In the fifth case the details of exposuie to dust inhalation in a radio tube 
factoiy lemain unknown 

Roenfgcnographtc findings The loentgenogiaphic pattern of the granuloma- 
tous reaction was made up of miliaiy and disci ete laiger nodules, of composite 
nodidar densities, and connective tissue mfiltiates Diffuse miliary nodulation 
was piesent m all cases and piobably lepiesented an eailj’’ phase of invasion 
This phase in the three surviving patients had been giadually replaced by a 
leticulonodulai pattern of infiltiation, composed of laiger nodular densities 
and connective tissue mfiltiates In the tw'o fatal cases, connective tissue pro- 
liferation w'as scarce and no distinct fibronodular network w’^as observed 

In the first case, large nodules, discrete and conglomerate (figures 18 and 
19), w^ere mingled wuth a diffuse miliary nodulation Intel venmg connective 
tissue was scaice The pattern of infiltration remained unchanged for a known 
period of sixteen months 

In the second case, roentgenograms w^eie available for a period of nine years 
and eight months The original miliary nodulation has been gradually replaced 
by a leticulonodular pattern of infiltration 

The thud case came under observation wuth a reticulonodular type of infiltra- 
tion superimposed on a diffuse miliary nodulation Within a period of two years 
the fibronodular netwmrk became more diffuse, obscuiing most of the minute 
nodules 

The fouith case w^as first seen with a diffuse miliary nodulation and a minimal 
reticulonodular infiltration Within one year the fibronodular netwmrk became 
moie diffuse and overshadow'ed a large portion of the minute granules 

In the fifth case, a diffuse granular infiltration, desciibed as typical in chronic 
beiyllium granulomatosis (3, 5, 6), pievailed m all roentgenograms for a known 
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jxMiod of {'ifihtron nioiitli'' Ihctc w.i*' .i (oiist.int of filjiou*^ 11*^6110 pio- 

lifi'ialion ind of ( oinj)()sit( nodul u foinvitioti'- 

Xono of lUo ( di'%oU)i»'d pf'opios, 01 toiifrlomeiation';, as seen 

in ^ilico^is willi llu id\('nt of ‘•('xi'u* ^\niploin‘' 

Deposidon of < ah unn in tiio fir inuloinas iopi(H'nf‘> ippiionll\ (lie end pliasc 
in then e\oln(ion 'I he pte^TKe of < ihinm depo-i(s in ‘•oine of tiic nodules was 



Fig is Ciso 1 (Top) Discrete ben Ilium grmulom is, 2 to S mm m dimietei Lmpln - 
soma 

Fig 10 Case 1 (Bottom) Conglomeiatc beiilhum gi iimlomis, 4 to S mm in diamctei 
Fmpln sema 

confunied by Von Kossa stain in the fii-st case Widespiead calcification of the 
nodules was obMous in the second case 

jMultiple bleb foiraation was obseiced in all cases and appealed giiplucillj 
as laiefied aieas sunounded by gioups of nodules A cavitv m the uppei lobe 
of the light lung was piesent in the fiist case As stated m the pathological 
lepoit, “the cavity was eithei the lesult of anemic neciosis, 01 of bleb foinia- 
tion Theie is little to indicate that this cavitv lesulted fiom neciosis of tissue 
incident to bactenal infection” (21 
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In the thud case, the Iomci poition of the light lung contained hneai areas 
of atelectasis, with a lesultmg elevation of the diaphiagm and ci on ding of the 
nodules on that side 

The hilai shadows ueie inci eased in size and density, particulaily in the tuo 
fatal cases Bionchial l5"mph nodes in the fiist case included units measuring 
2 cm m diametei 

Compbcaitons Spontaneous pneumothoiax occuiied m both fatal cases None 
Mas obseived m the thiee suiviimg patients Mith maiked fibious tissue pio- 
hfeiation It is possible that the S3miptoms of a luptuied lung aie ovei looked 
in some instances because of pie-e\isting shoitness of bieath 

Enlaigement of the light ventiicle (coi pulmonale) M'as piesent in the fiist, 
thud, and fifth cases The iight-sided pleuial effusion in the first case lesulted 
fiom congestive heait failuie Peiitoneal and pericaidial effusions M'eie also 
piesent 

Continuous mucopui iilent expectoiation Mas indicative of bionchiectasis, 
lesultmg from distoition of the bionchial tiee bj"^ the gianulomatous process 

Ti cafment The dj’^spnea and cough m ei e aggi avated m all cases bj’’ cold m eathei 
Thus, it IS behei'^ed that a change to a mild climate during the m inter months 
Mould be beneficial to patients Mith this illness Piofuse mucopurulent expec- 
toration maj' be relieved m some instances bj'' antibiotic therapy Eaily ad- 
ministration of oxj^gen relieves di'spnea and cough As this procedure bungs 
relative comfort to the patient, it may piolong life and prevent the occuiience 
of spontaneous pneumothorax 


SUMMARTt 

Five cases of chronic pulmonarj'' beijdhum granulomatosis are presented, 
MTth autops3^ findings in one case The exposure to beryllium compounds oc- 
cuiied m radio tube factories In the fiist case, added exposure took place m 
removing insulation from bendlium copper Muies 

The illness appeared to be of lessei sever it3'- m cases m M^hich the nodular 
dissemination Mas folloM^ed by marked connective tissue proliferation 

Calcification of the nodules has been demonstrated m the first and second 
cases 


SUMARIO 

Gi anidornatosis Pulvionar Difusa en las Jovenes consecuiivamente a la 
Exposicion a los Compiicslos del Benho en la Fahncacion de las 
Ampollas pai a Radtoi eceplores 

Piesentanse 5 casos de granulomatosis pulmonai ciomca poi benho, con los 
hallazgos autopsicos en uno La exposicion a los compuestos de benho tuvolu- 
gai en las fabncas de ampollas paia apaiatos de radio En el pnmei caso, ocu- 
1110 nueva exposicion al quitaise el aislamiento de los alambies de cobie-benho 
La dolencia paiecio sei menos giaie en los casos en los que la diseminacion 
nodular fue seguida de maicada piolifeiacion del tejido conjuntivo 
En el piimeio 3"^ el segundo casos obseivose calcificacion de los nodulos 
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TUBERCULOSIS AMONG SELECTIVE SERVICE REGISTRANTS’ 
aiAPHEUS SmTH, LESTER T REYNOLDS, and M ETHEL HAND 
(Received for publication April 12, 1949) 

From the Selective Servnee records of 18,000,000 men examined for militarj' 
sennee during World War II has emerged a wealth of data on phi-sical and men- 
tal defects and disease conditions surpassing m scope anj’- other such survey ever 
made in this country A by-product of the plan for manpow er selection for mih- 
tarj’- sermce, the picture evolved from this sur\my has far-reaching sigmficance 
Of the defects identified, several were active disease conditions Among these, 
one of the most important was tuberculosis Although this disease is no longer 
the scourge it w as a generation ago, it still is sufiacientlj* pre\ alcnt for its fre- 
quency among all defects and disquahfjnng defects of examined men to be of 
great interest 


TOTAIi REJECnONS 

Tenth among the leading causes for rejection of pln^sicallj examined Selective 
Semce registrants still under 38 years of age on August 1, 1915, tuberculosis 
v\ as responsible for 171,300 or 3 5 per cent of all the registrants who w ere in Class 
IV-F and classes ivith “F” designation on August 1, 1945 who constituted the 
pool of rejected men * This figure represents onlj' rejections for which tubercu- 
losis was the primary cause It does not include the thousands who had tubercu- 
losis but were i ejected principally for some other disqualifying defect, such as 
svTjlulis or illiteracy The percentage of rejections for tuberculosis among white 
men (3 9 per cent of total white rejections) was more than twice that for Ne- 
groes (1 9 per cent) (table 1) 

This race difference in the number of men rejected for tubercuIo‘=is is explained 
to some extent by the fact that onh' one defect w as coded as the principal cause 
of rejection, and that certain disqualifvang defects more common among Negroes 
than among whites were given precedence in designating the principal cause of 
rejection Sxphilis, lIllterac^, and mental deficiency, more common among Ne- 
groes than white«, may be used as examples IWicn associated wath tuberculo-i'^, 
the'^e defects took precedence as pnneipal defects As a result, the Negro rejec- 
tion rates for tuberculosis are not strictly comparable to those for wliitcs Tlic 

' B'lsccl on Sc!ccU\c Scr\icc clissificntion d'ltx and sample studies o'" the results of ex 
innmtion recorded on D'^S Forms 200, Reports of Phj'sicil Examination, for c 

Service repslrants plnsieilh oxitained at local boards in peacetime, and D'^^ Forms 221, 
Reports of Finsieal E\ iminalion and Induction, for rcpslraet® cxamipod at local boards 
and induction stations in vrartinn 

’ Data in this report include onh reci'tmnts proeessed for iiuhictioa or aolunte'-r np for 
induction throupb Se'ertne Fervnee loc-l boanis Thc\ do not i-clude ini!it''n!t ’'able 
rcrutraiits vlio cnlis(e<l dirccth at armed fowes’ re-ruiimp 'tations p-iar to ce'^'ation 
such cnlis'n'cnts in December ia)2, finco no p’lS'sical examm- on rcpo->«: for 
tmnts verc nvcixed In the Selecti'o f'S'sfcm 
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exnct cfTect of such a factor on the rejection rates is not knonm, but data on all 
recorded defects, reviewed m more detail later in this paper, reveal that Negroes 
had a lower frequency of tuberculosis per 1,000 e\araincd than was true of 
whites, although the race difTcrcnce m all recorded defects was loss than in re- 
jection rates 

rnocEDunns or examination and v luxations in standards 
A rrECTING TDBERCHEOSIS rejection R.ATES 

Rates of i ejection of Selective Service registrants were affected by several 
important factors During the total period of procurement there were differences 
in the a\ crage age of the men examined and the proportion of men undergoing 
re-exammation as well as in examination procedures and physical standards 
Standards of acceptabiht}'’ m effect during and immediately preceding World 
War II w ere specified by the Arm}-- in Mobilization Regulations 1-9 * Local 
board examining physicians as w ell as Army examiners used these standards in 

TABLE 1 


Estimated Number and Per cent of Sclectnc Service Registrants Examined at Ages 18 to ST 
and Rejected Because of Tuberculosis and Still under SS Vears of Age on August 1, 194B* 


EACE 

1 

TOTAL IN rejected 

CLASSES j 

EgJECTED rOI TCBEECtrLOSISt 

Number 

Percent 

All races 

4,828,000 

171,300 1 

3 5 

Whitet 

3,909,000 


3 9 

Negro 

919,000 

17,300 

1 9 


* Includes men in Class IV-F and also those in the occupationallv deferred classes, 
II-A(F), II-B(F), II-C(F) Does not include those with disqualifying tuberculosis for 
whom other defects were recorded ns the principal defects 

t Includes registrants rejected because of obviously disqualifying tuberculosis 
J Includes all races other than Negro 

the examination of registrants During peacetime (November 1940 to the end 
of 1941) two complete physical examinations w^ere given to many registrants, 
the first of which was given at the local board and the other at the induction 
station to registrants forw^arded for induction How^ever, chest roentgenograms 
w ere not included at the local board examination unless the physician referred 
the case to a hledical Advisory Board chest speciahst for decision Begmmng in 
the summer of 1941, chest roentgenograms were made routinely at induction 
stations Registrants were designated as acceptable, if examination levealed 
arrested pulmonary tuberculosis consisting of lesions demonstrated by* roent- 
genographic examination as not exceeding the minimal extent defined in the 
classification of the National Tuberculosis Association 

3 Mobilisation Regulations 1-9, “Physical Standards for E\amination dunng Sfobihza- 
tion,” August 1940, March 1942, October 1942, and April 1944, and changes thereto in War 
* nPhpQo f,n liingfi n.nd chest \\all are 

fiuimnanzed in “i,^iij"sical isJxaminauons oi oeiecwve oervuse wpcumi 

graph No 15, Selective Service System, Washington, D C , 194S, Vol I, pp 222-228 
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Beginning in January 1942 and continuing through 1943, local board examin- 
ing physicians rejected, by a screening examination, those registrants obviously 
disqualified for mihtary service The arbitrary hmits defined by the National 
Tuberculosis Association as minimal lesions were specified in the Selective Serv- 
ice regulations as the number and size of the apparently healed tuberculous le- 
sions which were acceptable for general military service after induction station 
examination 

From January 1944 until the end of Selective Service, local board physicians 
no longer saw each registrant who was called for induction Instead, registrants 
who received notices to report to armed forces induction stations for premduc- 
tion physical examination might request a local board physical examination, if 
they believed or knew they had defects which were mamfestly disqualifymg for 
mihtary service 


TABLE 2 


Per cent of Total Rejections Because of Tuberculosis and Frequency of Tuberculosis per 
1,000 Registrants Examined during Selected Time Periods 
Continental United States 


XntE PEWOD 

PER CENT OP TOTAL 
REJECTIONS 

PREQUENCY PER 1,000 

EXAUINED 




All Races 

IVbite* 

Negro 

November 1940-September 1941f 

2 3 

2 3 

1 5 

9 7 1 

10 3 

6 2 

April 1942-December 1943t 

3 2 

3 5 

2 0 

19 1 1 

19 9 

14 6 

February 1944-December 1944t 

3 4 

3 7 

1 9 

! 35 4 i 

1 

36 9 

25 6 


* Includes all races other than Negro 
t Figures shown are for local board examinations only 
t Local boards and induction stations 


In April 1944 regulations were issued removing the arbitrary limi ts on the 
size of the tuberculous lesions, and registrants with calcified residuals of pri- 
mary tuberculosis were accepted for general service, if the size, number, and 
character of such lesions did not suggest possible reactivation 

TUBERCULOSIS REJECTION AND FREQUENCY RATES AT THREE DIFFERENT PERIODS 

The effects of these varying conditions and standards are best illustrated by 
comparing the results of physical examination m relation to tuberculosis rejec- 
tion and frequency rates during several short periods of Selective Service experi- 
ence Dunng the peacetime period, 2 3 per cent of all rejections at local board 
examination were made because of tuberculosis (table 2) This was also the rate 
for whites, but the Negro rate was 1 5 During this period tuberculosis was re- 
corded for 9 7 registrants in each 1,000 examined, 10 3 for whites and 5 2 for 
Negroes This, however, did not include an unknown number of registrants in 
whom tuberculosis was found at the time of examination by Army medical ex- 
aminers 

The proportion of rejections for tuberculosis during the second period (April 
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1912-Decembcr 1943) increased to 3 2 per cent and the frequencj’^ of tuberculo- 
sis to 19 1 per 1,000 examined, almost tmcc as high as in peacetime From 
February 1944 through December 1914, 3 4 per cent of all rejections were for 
tuberculosis and the frcquencv of tuberculosis Mas 35 4 per 1,000 men examined 

The increasing rates for both racial groups during the two wartime periods 
emphasize the value of the induction station examination vnth the use of the 
chest roentgenogram as an aid to diagnosis, in sharp contrast to the peacetime 
examination at local boards vithout use of roentgenograms Also, during the 
Mar periods the figuies on tuberculosis, particularly those for Negroes, were not 
reduced as much as during peacetime by the tendency of examining ph 3 '’sicians 
to select diagnoses of \ enercal disease or of educational deficienc}' as pnncipal 
causes for rejection Educationallj’’ dehcient registrants M^ere acceptable on a 
quota basis from August 1942 through June 1943, after which time educational 
deficiency alone m as not a cause for disqualification And those m ith uncompli- 
cated gonorrhea or sj'pluhs had become acceptable on a quota basis (October 
1942-November 1943) or m as large numbers as treatment facilities permitted 
(after November 1943) As a lesult, during the war period tuberculous regis- 
trants for A\hom one or both of these defects had been recorded would probabl 3 ’^ 
have the tuberculous condition noted as principal cause for rejection 

The figures showm m table 2 reflect not onty differences m examination pro- 
cedures, but also changes in the composition of the examined groups During 
the first, or peacetime, period the men examined w ere 21 through 35 3 ’-ears of 
age, mostty single men, and occupational deferments w^ere of prime importance 
During 1942 and 1943, the men examined were IS through 44 years of age (IS 
to 19 5 '-ears old begirming on November 13, 1942, 20 years old beginning on 
February 16, 1942, 21 to 35 3 'ears old all during 3 ’^ears 1942 and 1943, 3G to 37 
years old beginning on February 16, 1942, 3S to 44 3 ’’ears old, February 16, 1942 
to December 1942), and even occupational deferments were limited to those 
emplo 3 md in essential industries oi agriculture During 1914 men examined were 
largely 18 through 25 years of age Thus it can be seen that the second peiiod, 
1942 and 1943, was probably moie representative of the total male population 
with respect to tuberculosis than w^ere the other two time periods for which in- 
formation IS ax ailable 

TUBERCULOSIS DATX FOR 1940-1944 

The remainder of the present paper provides analyses of Selective Seixnce 
data on tuberculosis xvith legard to race, age, specific diagnosis of tuberculosis, 
occupation, and state of residence In all of these items except the last, the data 
used begin wnth Nox'-ember 1940 and end wnth December 1944 This is the long- 
est period of time for xxdiich Selectixm Service data on tubeiculosis are ax^ailable, 
and this is the first time data for this combined period have been published 
Furthermore, in order to avoid the inexutable duplications caused by re-exami- 
nation of registrants, a sample of records was selected so as to contain first 
examinations onb’’, for the periods Noxmmber 1940-September 1941, April 1942- 
September 1943, and November 1943-December 1944 For these reasons, the 
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TABLE 3 

Hate of Itcjcction for Tubcrculost’^ per 100 Rcgiblrants Examined, by Race and Age Group 

Conttnenta! United Slates 


SAO: 



ACE CHOUTS 


All Ages 1 

IS to 25 

26 to 29 

[ 30 »nd over 


No\ ember 1940-Deccmber 1914 


A.11 races 

WM 

1 2 

1 6 

2 4 

l^Tiite* 1 

mSm 

1 2 

1 6 

2 6 

Kegro 

i 

■9 

1 0 

1 0 

1 4 

November 1940-Dccember 1943t 

All races 

1 3 

0 8 

mnm 

2 1 

mite* 

1 3 

0 S 


2 3 

Negro 

1 0 

0 8 

Hi 

1 3 

Januarj 1944-Docember 1944f 

All races 

2 7 

2 4 

2 9 

3 4 

mite* 

2 9 

2 6 

3 1 

3 6 

Negro 

1 6 

1 5 

1 5 

2 0 


* Includes all races other than Negro 

1 1940-1943 data based on a 10 4 per cent sample of DSS Forms 200 (Reports of Phjsical 
Examination) for the period November 1940-Scptembcr 1941, inclusive, and on a 6 7 per 
cent sample of DSS Forms 221 (Reports of Phjsical Examination and Induction) for the 
penod Apnl 1943-Decembcr 1943, inclusive, thej do not include reports of second and sub- 
sequent examinations of registrants, to avoid possible duplication of data Reports for 
registrants examined and later deferred for other than phjsical or mental reasons are ex- 
cluded from the sample 

1 1944 data based on an approxunatolj 10 per cent sample of DSS Forms 221 (Reports 
of Phjsical Examination and Induction) for registrants inducted or rejected dunng Janu- 
arj 1944-Dccember 1944, inclusive, thej do not include reports of second and subsequent 
examinations of registrants, to av oid possible duplication of data Reports not available 
for registrants who were found acceptable on premduction examinations but were not re- 
turned for induction 


data presented m the next few pages are considered to give the most rehable 
facts on tuberculosis among Selective Service registrants during the period of 
tune specified ^ 

* The data published by the Selective Service Sj^tem on tuberculosis have appeared 
incidentally in four medical statistics bulletins and one special monograph The rejection 
rates and frequencj rates found in each of these bulletins cover only a part of the whole 
time period beginning in November 1910 and ending in December 1944 and in most instances 
do not elinunate other tlian first examinations The four bulletins, published by National 
Headquarters, Selective Service System, are “Analjsis of Reports of Physical Examina- 
tion,” Medical Stalishcs Bulletin No 1, 1941, “Causes of Rejection and Incidence of De- 
fects,” Medical Statistics Bulletin No 2, 1943, “Phjsical Examinations of Selective Service 
Registrants Dunng Wartime,” Medical Statistics Bulletin No S, 1944, “Physical Examina- 
tions of Selective Service Registrants in the Final Months of the War,” Medical Statistics 
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TUBERCULOSIS REJECTIONS BY RACE AND AGE 

For the over-all peiiod the rejection rate on first examination for general mih- 
tar 3 '’ service for registrants of all races, aged 18 to 44 3 >-ears, was 43 9 per cent 
The rate of rejection because of tuberculosis was 1 6 per hundred men examined, 
and increased regularly within each age group (table 3) The Negro rejection 
rate for tuberculosis -was lower than that for white registrants, a differential 
maintained in each age category 

Table 3 also reveals race and age diffeientials for the two periods 1940-1943 
and 1944 and the same general race difference for each age group and mcreasing 
rates with increasing age The rates for 1944 were lugher in all categones than 
was true of the 1940—1943 rates The mam reasons for tlus phenomenon were 
the more thorough physical examination of men after the speed of mobihzation 
slow'ed dowm m 1944 prior to the German counterattack in December 1944, 
and the fact that educational deficiencj’’ and uncomplicated sj’phihs were no 
longer the principal cause of rejections, thus causing tuberculosis to be recorded 
as the principal disquahfying defect m a larger part of the cases examined An- 
other factor was that the rates after April 1944 did not include records of men 
aged 26 through 37 years of age who w ere found acceptable at the time of pre- 
induction examination, but who w^ere never returned for induction because the 
armed forces reached their planned strength and lowered the upper age of ac- 
ceptability of men to 25 years 

REJECTIONS BY SPECIFIC DIAGNOSES 

Study of the specific diagnoses of tuberculosis discloses that 96 4 per cent of 
a sample of registrants rejected for tuberculosis during the period November 
1940-December 1944 had the pulmonary form and only 3 6 per cent had other 
kinds of tuberculosis (table 4) These proportions were very consistent for each 
age group and for both whites and Negroes Moreover, there was no sigmficant 
difference between race groups m distribution of diagnoses 

About one-third of pulmonary tuberculosis cases were active for the all ages- 
all races group, and over 43 per cent were arrested, while almost one-fourth were 
cases unspecified as to whether active or arrested The proportion of active 
cases increased with age, as did the unspecified cases, while the percentage of 
arrested cases, over half of all in the 18 to 25 year group, decreased rapidly as 
age increased These same trends were exhibited for both whites and Negroes, 
except that among Negroes there was no distinct age trend for unspecified diag- 
noses of tuberculosis 

Two important differences appear m the specific diagnoses for the period 
1940-1943, compared with those for 1944 A total of 95 3 per cent of cases were 
diagnosed as pulmonary m the 1940-1943 period, compared with 98 3 per cent 


Bulletin No 4, 1946 The monograph was “Phjsical Examination of Selective Service 
Eegistrants,” Special Monograph No IS, Selective Service System, Washington, D C , 
1948, 3 volumes 



TUBERCTJLOSIS AMONG SELECTIVE SBEVICE BEGISTRANTS 


779 


TABLE 4 

Per cent Distribution of Tuberculosis Rejections, by Specific Diagnoses, by Age and 

Race Group 

Continental United States 
November 1940-December 1944* 


CAUSE FOE EEJECTIOV 


AGE GEOUES 

All Ages I 18 to 25 2S to 29 | 30 and Over 

All Races 


Total tuberculosis 

' 100 0 

100 0 

100 0 

100 0 

Pulmonaiy tuberculosis 

96 4 

96 7 

96 0 

33 0 

96 4 

Active 

31 8 

24 4 

38 2 

Arrested 

43 1 

54 0 

41 0 

33 8 

Suspected or unspecified 

21 5 

18 3 

22 0 

24 4 

Other tuberculosis 

3 6 

3 3 

4 0 

3 6 


Whitef 


Total tuberculosis 

100 0 

100 0 

100 0 

100 0 

Pulmonary tuberculosis 

96 4 

96 7 

96 0 

96 3 

Active 

31 5 

24 0 

32 8 

37 8 

Arrested 

43 6 

54 8 

41 7 

34 2 

Suspected or unspecified 

21 3 

17 9 

21 5 

24 3 

Other tuberculosis i 

i 

3 6 

3 3 

4 0 

3 7 


Negro 


Total tuberculosis 

100 0 

100 0 

100 0 

100 0 

Pulmonary tuberculosis 

96 7 

96 8 

95 6 

97 0 

Active 

34 5 

27 7 

34 5 

41 8 

Arrested 

38 6 

47 6 

34 9 

30 4 

Suspected or unspecified 

23 6 

21 5 

26 2 

24 8 

Other tuberculosis j 

3 3 

3 2 

4 4 

3 0 


* 1940-1943 data based on a 10 4 per cent sample of DSS Forms 200 (Reports of Physical 
Examination) for the period November 1940-September 1941, inclusive, and on a 6 7 per 
cent sample of DSS Forms 221 (Reports of Phj^sical Examination and Induction) for the 
penod April 1942-December 1943, inclusive, they do not include reports of second and sub- 
sequent examinations of registrants, to avoid possible duplication of data Reports for 
registrants examined and later deferred for other than physical or mental reasons are ex- 
cluded from the sample 1944 data based on an approximate 10 per cent sample of DSS 
Forms 221 (Reports of Phiisical Examination and Induction) for registrants inducted or 
rejected during Januirj 1944-December 1944, inclusive, thej do not include reports of sec- 
ond and subsequent examinations of registrants, to avoid possible duplication of data 
Reports not available for registrants who were found acceptable on preinduction exami- 
nations but Here not returned for induction 
t Includes all races other than Negro 
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in 1944 ^ The same high consistency in the proportion of pulmonary diagnoses 
in each age group occurred during both periods of time and for each race 
The most outstanding difference between the tw^o periods of time was in the 
decline in the proportion of unspecified pulmonary cases in 1944, compared 
with the 1940-1943 period From one-third of all cases m the 1940-1943 period 
with unspecified pulmonary diagnoses, the proportion fell to 3 4 per cent m 1944 
Almost all of the proportionate increase in specified cases was m the arrested 
category (from 33 2 per cent of all cases to 58 6 per cent) The decrease in the 
percentage of unspecified pulmonary tubeiculosis m 1944, compared to 1940- 
1943, was probably a result of the fact that during 1944 Mrtuall}'' all registrants 
w*ere examined at armed forces induction stations and the examiners were better 
equipped than w^ere local board examimng ph 5 ’'sicians to determine w hether the 
disease process was active or arrested 

The same upw'ard trends wnth age for active pulmonary diagnoses and down- 
ward trends for arrested cases were found for each of the tw o periods of axamma- 
tion, but there w'as no trend wuth age m either period for the unspecified cases 
These facts also apply to each race group in each of the two periods 

FREQTTENCr OF TUBERCULOSIS 

The emplojTnent of modern improved methods of diagnosis in the vigorous 
campaign w'aged against tuberculosis witlun the past several decades has dis- 
closed many latent cases Hence it is impossible to diaw' a valid comparison 
between the frequency of tuberculosis during the tw'o w orld wars Tuberculosis 
was recorded for 4 9 out of every 1,000 of the first million men examined in 
World War I and for 19 8 per 1,000 Selective Service registrants examined, 
November 1940-December 1944 In view of the fact that the national death 
rate from tuberculosis has declmed sharply in the peiiod betw^een the two wms, 
the increased frequency of tuberculosis m Selective Service registrants appears 
to reflect the improvement m methods of detection 

Timely discovery of the disease duiing World War II examinations not only 
kept out of semce men whose military contributions would have been meffec- 
tual, but also put many tuberculosis cases under remediable treatment leading 
to potential recovery The effect of improved diagnosis shows up in disability 
discharges also Thus, whereas tuberculosis, as the largest single cause, accounted 
for 10 9 per cent of all disability discharges during World War I, oiil 3 ’- about 2 6 
per cent of the veterans of World War II, who were receiving disabihty awards 
in September 1944, had tuberculosis as their major disability 

Information on the frequency of disease is invaluable in supporting the estab- 
lishment of any plan for control and eventual ehmmation of the disease Keener 
msight mto the problem of tuberculosis is afforded by data on the number of 
cases found among each 1,000 men examined, regardless of acceptance or rejec- 
tion for induction Table 5 presents such data on the frequency of occurrence of 

' In order to conserve space, tables showing the differences between the 1940-1943 and 
1944 data have been omitted These data are available to interested readers at National 
Headquarters, Selective Service Sj'stem 
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TABLE 5 

Frequency of Specific Diagnoses of Tuberculosis per 1,000 Registrants Examined, by 

Race and Age Group 
Continental United States 
November 1940-December 1944* 


CAUSE TOE EEJECIION 



AGE GKOUP 

All Ages 

18 to 25 ] 26to2P | 30 and Over 


All Races 


Total tuberculosis 

20 1 

14 7 

19 2 

30 5 

Pulmonary tuberculosis 

19 4 

14 2 

18 4 

29 5 

Active 

6 2 

3 4 

6 1 

11 3 

Arrested 

8 9 

8 0 

8 0 

10 8 

Suspected or unspecified 

4 3 

2 8 

4 3 

7 4 

Other tuberculosis 

0 7 

0 5 

0 8 

1 0 


Whitef 


Total tuberculosis 

20 8 

15 0 

19 8 

32 5 

Pulmonary tuberculosis 

20 1 

14 6 

19 0 

31 4 

Active 

6 3 

3 4 

6 2 

11 9 

Arrested 

9 3 

8 3 

8 4 

11 6 

Suspected or unspecified i 

4 5 

2 7 

4 4 

7 9 

Other tuberculosis 

0 7 

0 5 

0 8 

1 1 


Negro 


Total tuberculosis 

15 5 

12 9 

15 2 1 

19 7 

Pulmonary tuberculosis 

15 0 

12 6 

14 5 

19 2 

Active 

5 2 

3 6 

5 2 

7 9 

Arrested 

6 3 

6 3 

5 9 

6 6 

Suspected or unspecified 

3 5 

2 7 

3 4 

4 7 

Other tuberculosis 

0 5 

0 3 

0 7 

0 5 


* 1940-1943 data based on a 10 4 per cent sample of DSS Forms 200 (Reports of Physical 
Examination) for the penod November 1940-September 1941, inclusive, and on a 6 7 per 
cent sample of DSS Forms 221 (Reports of Physical Examination and Induction) for the 
penod Apnl 1942-December 1943, inclusive, they do not include reports of second and sub- 
sequent examinations of registrants, to avoid possible duphcation of data Reports for 
registrants examined and later deferred for other than physical or mental reasons are ex- 
cluded from the sample 1944 data based on an approximate 10 per cent sample of DSS 
Forms 221 (Reports of Physical Examination and Induction) for registrants inducted or 
rejected dunng January 1944r-December 1944, mclusive, they do not mclude reports of sec- 
ond and subsequent examinations of registrants, to avoid possible duplication of data 
Reports not available for registrants who were found acceptable on preinduction exam- 
inations but were not returned for induction 
t Includes all races other than Negro 


tuberculosis at tune of first examination by specific diagnoses among men ex- 
amined at 18 to 44 years of age during November 194()-December 1944 
Table 5 shows that approximately 20 out of every 1,000 men examined were 
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found to have tuberculosis in some form, 6 of whom had active pulmonarj'' 
cases, 9 arrested pulmonary cases, and 4 unspecified pulmonary cases, uhile less 
than one per 1,000 had tuberculosis of parts of the body other than the lungs 
All of these rates rose with age 

Negroes had lower occurrence rates of all sorts than was true for whites, ex- 
cept for active cases among men 18 to 25 years of age, where the difference was 
small Another white-Negro difference was that there was no clear relationship 
between age and the frequency of arrested cases of pulmonary tuberculosis among 
Negroes, while there was an increase in rates wnth increasing age among whites 
And a third was the failure of Negroes to show a consistent increase mth age in 
the frequency of forms of tuberculosis other than pvhnonary 

When the November 1940-December 1943 experience is separated from that 
of 1944, a few important differences in frequency rates are noticed The rates 
for the earlier period were less than half as large as for 1944, but at the same 
tune there was a great reduction in the proportion of cases with unspecified 
pulmonar 3 ’’ tuberculosis® The proportionate increase m arrested pulmonarj’ 
tuberculosis discovered was particularly pronounced, doubtless because of im- 
proved techmques and the universal use of roentgenography in diagnosis during 
all of the 1944 period ^ The only other notev orthy difference was that in 1944 
there was no consistent increase in the frequency of arrested pulmonary tuber- 
culosis with age for the Negro group, but the white and all race groups showed 
a regular mcrease with increasmg age in this form of diagnosis 

OCCUPATIONAD DIFFEKENTIADS IN OCCURRENCE OF TUBERCULOSIS 

Analysis of physical exammation data by occupation reveals considerable dif- 
ferences m frequency rates The unemployed and those who did not leport 
occupation had the lughest over-all frequency lates (table 6) Also over the aver- 
age for all groups were professional workers, proprietors, service workers, and 
craftsmen, while laborers and farmers were below average 

The rates mcreased m size in most occupational groups with increasing age, 
the exceptions bemg domestic service workers and farm laborers and foremen 

There was great variability in frequencj' rates by occupation for the tvo 
major racial groups Although Negroes had a smaller rate than whites for all 
occupations, they surpassed whites m rates for clerical and sales workers, and 
protective service workers 

Analysis by penod of time reveals that the high rate of tuberculosis frequency 
for most of the groups mentioned above was characteristic of both the 1940- 

1943 and 1944 penods of exammation ® The age differentials by race and occupa- 
tion also seem to have been general m both penods of time 

® In order to conserve space, tables showing the differences betv een the 1940-1943 and 

1944 data have been omitted These data are available to interested readers at National 
Headquarters, Selective Service System 

’ In this connection should be cited the special effort made by personnel of the Office of 
the Surgeon General of the Army to diffuse throughout all examining stations comparable 
use of diagnostic techniques 

* In order to conserve space, tables showing the differences between the 1940-1943 and 
1944 data have been oimtted These data are available to interested readers at National 
Headquarters, Selective Service System 
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TABLE 7 

Frcguency of Tuberculosis Defect Per 1,000 Selective Service Registrants Physically 

Examined by Stale and Race 
November 1940-December 1943* 


STATE 

TOTAl, 

WElIEt 

KEGRO 

United States, Continental 

15 5 

15 9 

12 7 

Alabama 

9 5 

7 4 

12 5 

Anzona 

49 3 



Arkansas 

18 0 

19 1 

15 6 

California 

22 6 

22 3 

29 0 

Colorado 

24 5 



Connecticut 

10 9 

10 7 

17 0 

Delan are 

16 5 

17 3 

13 5 

District of Columbia 

IS 4 

19 6 

16 3 

Flonda 

9 8 

11 8 

7 4 

Georgia 

7 1 

5 1 

10 6 

Idaho 

6 7 



Illinois 

21 1 

21 0 

22 6 

Indiana 

20 9 

20 7 

25 6 

Iowa 

9 5 



Kansas 

7 0 

6 9 

S 4 

Kentuckj’ j 

25 6 

25 2 

29 5 

Louisiana 

I 10 4 

11 0 

9 6 

Maine 

9 9 



Marj land 

18 4 

19 6 

14 6 

Massachusetts 

14 0 

13 9 

20 S 

Michigan 

12 7 

12 3 

19 3 

hlinnesota 

9 S 



Mississippi 

6 6 

8 3 

5 3 

Missoun 

IS 0 

17 S 

19 7 

Montana 

9 9 



Nebraska 

13 1 



Nevada 

13 6 



New Hampshire 

9 4 



New Jersey 

11 4 

11 5 

10 4 

New Mexico 

43 5 



New York City 

17 5 

17 3 

20 1 

New York (except NYC) 

15 6 

15 6 

18 1 

North Carolina 

7 1 

S 2 

5 0 

North Dakota 

9 1 



Ohio 

19 7 

19 4 

24 3 

Oklahoma 

9 4 

9 4 

9 6 


* 1949-1943 data based on a 10 4 per cent sample of DSS Forms 200 (Reports of Phj sioal 
E\aimnaUon) for tbe period November 1940-September 1941, inclusive, and on a 6 7 per 
cent sample of DSS Forms 221 (Reports of Physical Evamination and Induction) for the 
penod Apnl 1942-December 1943, inclusive, they do not include reports of second and sub- 
sequent examinations of registrants, to avoid possible duplication of data Reports for 
registrants examined and later deferred for other than physical or mental reasons are 
excluded from the sample 

t Includes all races other than Negro Separate data for whites and Negroes not shown 
for the states having less than 0 3 per cent of the total U S Negro registrants in the first, 
second, third, fifth and sixth registrations 
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TABLE 7 — Conttnued 


STATE 

1 

TOTAL 

1 

WHlTEf 

NEGHO 

Oregon 

12 1 



Pennsylvania 

13 8 

13 8 

14 0 

Rhode Island 

21 2 



South Carolina 

5 7 

6 7 

4 5 

South Dakota 

10 2 



Tennessee 

18 0 ! 

18 6 

15 9 

Texas 

IS 4 

16 6 

11 3 

Utah 

2 9 



Vermont 

11 7 



Virginia 

17 9 

19 9 

13 7 

Washmgton 

14 8 



West Virginia 

26 1 

26 0 

27 1 

Wisconsin 

14 2 ! 



Wj^oming 

4 9 




VARIATIONS BY STATE OP RESIDENCE 

According to the records of men given physical examination during the period 
November 1940-December 1943, the frequency of tuberculosis was lowest in 
Utah (only 2 9 per 1,000 men (table 7)) In general, greater freedom from tuber- 
culosis seems to be found m western and northwestern states and in some of the 
southern states Wyoming, South Carolina, Mississippi, Idaho, Kansas, Georgia, 
North Carolina, and North Dakota showed a low rate for tuberculosis The fre- 
quency rate was higher than the national average of 15 5 in Arizona, New Mex- 
ico, West Virginia, Kentucky, Rhode Island, Illinois, Indiana, Ohio, District of 
Columbia, Maryland, Missouri, Arkansas, Virginia, New York City, and Dela- 
ware Migrations of many tuberculous patients to such states as Colorado, 
California, New Mexico, and Arizona, and many from other states undoubtedly 
affect the rates to some extent The amount of such an effect could not be deter- 
mined, however, without information being available on place of residence at 
time of the appearance of the disease and date of change of residence to state of 
registration 

In several states the frequency of tubeiculosis per 1,000 registrants exammed 
was higher for Negroes than for whites Most of such states were in the North 
and West, where the crowding of low-income Negro groups m city slums may 
have been a factor m the larger rates On the other hand, several of the southern 
states revealed very low tuberculosis rates for Negroes, largely a result of their 
rural occupation and place of residence Exceptions to this rule were Alabama 
and Arkansas v here Negro rates for tuberculosis were at or above the national 
average The explanation of these and other state variations is not readily ap- 
parent from available information, but it is ob\uous that a number of factors 
are needed to explain the state and Negro-white differentials 

SUMMARY 

The outstanding facts regarding tuberculosis m the health picture developed 
from Selective Service records may be summarized as follows 
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1 Tuberculosis u'as tenth in importance as cause for rejection and responsible 
for 171,300 or 3 5 per cent of all rejections of exammed men aged 18 to 37 as of 
August 1, 1945 

2 Rejection data were affected, to some extent, by ages of men exammed, 
changes m physical examination procedures, and changes m phs^sical standards 
A potent factor affecting increase, both m rejections and m frequency of tuber- 
culosis discovered during the war years, was the use of the chest roentgenogram 

3 Specific diagnoses of tuberculosis indicate that 96 4 per cent of tuberculosis 
rejections were for pulmonary tuberculosis during 1940-1944, and that about 
one-third were for active pulmonarj’- tuberculosis 

4 The marked increase in recorded cases of tuberculosis durmg World War 
II, as compared mth World War I, is indicative of progress in methods of diag- 
nosis, particularly the use of the chest roentgenogram 

5 Out of every 1,000 men exammed through Selective Service during 1940- 
1944, 20 1 were found to have some form of tuberculosis Negroes, throughout 
Selective Service experience, showed lower rates for tuberculosis than did white 
men 

6 The rejection rate for tuberculosis and the frequency of the disease per 
1,000 men examined tended to mcrease as age mcreased This was true for both 
Negroes and whites 

7 Rejection and frequency rates were higher in 1944 than in 1940-1943 be- 
cause of statistical factors affecting the computation of the rates 

8 Unemployed men, proprietors, and protective service workers showed the 
highest frequency of tuberculosis per 1,000, and laborers and students the lowest 
Those engaged in out-of-doors work generally manifested less susceptibility to 
the disease than white collar workers The rates were generally lower for Negroes 
than whites in most occupations, and increased with age 

9 State comparisons show that the frequency of tuberculosis was lowest m 
Utah (2 9 per 1,000 examined) and, except for New Mexico and Arizona, highest 
in West Virgima and Kentucky, unth rates per thousand of 26 1 and 25 6, re- 
spectively Nineteen states had frequency rates above the national average of 
15 5 per 1,000 exammed during the period November 1940-December 1943 

SUMARIO 

Tuberculosis entre los Inscnios para el Scrvicto Mihfar Selectivo 

Los datos sobresalientes con respecto a tuberculosis que aparecen en el cuadro 
samtario formado por los protocolos del Servicio Mihtar Selectivo, pueden suma- 
rizarse en esta forma 

1 La tuberculosis ocupa el d^cimo puesto en importancia como causa de 
rechazos, habiendo motivado 171,300, o sea 3 5 por ciento, de todos los rechazos 
de sujetos exammados de IS a 37 anos, hasta el 1° de agosto de 1945 

2 Los datos de rechazo fueron afectados, hasta cierto punto, por la edad de 
los sujetos exammados, las modificaciones de los procedimientos de examen 
flsico y las modificaciones de las pautas flsicas Un factor potente que afecW el 
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aumento, tanto cn rechazos como en la frecuencia de tuberculosis, fud el empleo 
de la radiografia toracica 

3 Los diagndsticos ospecfficos de tuberculosis mdican que 9G 4 por ciento de 
los rechazos por tuberculosis fueron por tuberculosis pulmonar durante 1940- 
1944, y aprovimadamente la tercera parte por tuberculosis pulmonar activa 

4 El decidido aumento en los casos de tuberculosis inscntos durante la II 
Guerra Mundial, comparada con la I, refleja el adelanto reabzado en los m6todos 
de diagndstico, y en particular el empleo do las radiograflas tordcicas 

5 De cada 1,000 mdmduos examinados por el Semcio Selectivo durante 
1940-1944, 20 1 mostraron tener alguna forma de tuberculosis Los negros, en 
todas las obsen'aciones del Senncio, rcvelaron coeficientes de tuberculosis mds 
bajos que los blancos 

G El coeficiente de rechazos por tuberculosis y la frecuencia dc la enfermedad 
por 1,000 sujetos examinados tendid a aumentar a medida que avanzaba la 
edad, lo cual rezd con negros y blancos 

7 Debido a factores estadisticos que afectaron la computacidn de las tasas, 
los coeficientes de rechazos 5 de frecuencia fueron mds altos en 1944 que en 1940- 
1943 

S Los desocupados, los propietarios y los empleados en seiancios de resguardo 
revelaron la mayor mcidencia de tuberculosis por 1,000 y los trabajadores y los 
estudiantes la menor Los dedicados a trabajos al aire hbre mamfestaron en 
general menos susceptibilidad a la enfermedad que los empleados en ofiemas, 
tiendas, etc Las tasas fueron generalmente mds bajas para los negios en la 
mayorla de los oficios y avanzaron con la edad 

9 Comparaciones por estados revelan que la mcidencia de tuberculosis al- 
canzd el mhumo en Utah (2 9 por 1,000 exammados), y aparte de Nuevo Mdxico 
j Arizona, el mdximo en la Virginia Occidental y Kentucky, con coeficientes de 
26 1 y 25 6, respectivamente, por 1,000 Diecmueve estados mostraron coeficien- 
tes supenores al promedio nacional de 15 5 por 1,000 exammados durante el 
perlodo de noviembre, 1940-diciembre, 1943 
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PULMONARY ALVEOLAR ADENOMATOSIS^ = 

SIDNEY J SHIPMAN, H BRODIE STEPHENS, and FREDERICK M BINKLEY 
(Received for publication May 5, 1949) 


INTRODUCTION 


In March 1945 David A Wood and Pluhp H Pierson (1) reported the first case of 
pulmonary alveolar adenomatosis in which the diagnosis had been made before death 
In this patient the diagnosis v as estabhshed b5’- a lobectomy which was done bj' Dr 
Emile Holman siv months pnor to death This case was a umque contnbution to the 
hteiature because the diagnosis was not onlj’- made ante mortem but the possible iTrus 
etiologj’' of the disease was considered and studies were made m the attempt to prove 
the etiological factor Largely because of the mterest aroused by this patient and the 
fact that one of us was able to follow the case with Pierson at the tune of his study, it 
was possible to amve at diagnosis pnor to operation m the case here reported 

Pulmonary alveolar adenomatosis is said to be a rare disease m man, although prob- 
ably sixteen authenticated cases have now been reported Among the cases so far re- 
ported are those of Lohlem (2), Suns (3), Obendorfer (4), Helly (5), Bonne (6), Richard- 
son (7), Briese (S), Bell (9), Taft and Nickerson (10), three additional cases reported 
by Paul and Ritclue (11), and three by Diymalski, Thompson, and Sweany (12) Two 
of the human cases reported were associated with extension to the penbronchial Ijunph 
nodes The etiology of the human disease is still m doubt and the pathogenesis is far 
from clear The disease is certainly rare but bears a remarkable resemblance to bemgn 
pulmonarj’- adenomatosis which has been reported as occurnng epizootically m the sheep 
of South Africa, Iceland, England, and the Umted States, especially m certam areas of 
Montana Charactenstically the disease appears when sheep are bemg driven from place 
to place, hence the South African name "Jaagsiekte” or “dmmg disease ’’ In Montana 
it has been called progressive pneumoma The disease was first discovered m South 
Afnca m 1893 It appeared for the first time m Iceland m 1934 and then spread so rap- 
idly that it aroused vadespread mterest Apparently it can be mtroduced mto umn- 
fected flocks by sick apimnls and it is said that animals which merely occupy the quar- 
ters prenously occupied by mfected ammals may themselves become ill In sheep, both 
sexes and all ages appear to be susceptible There is only one instance m the literature 
m which mitoses hai e been observed m “Jaagsiekte ” 

For the most part the disease is very insidious and runs a chrome course Several 
weeks may pass before it is suspected Early disease is, therefore, customanly missed, 
especially if the flock remains at rest In the later stages the breatlimg is said to cause 
a characteristic sound which resembles “slowly boilmg porndge” due to the moist rales 
which may be audible at some distance Ultimately, secretion pours from the mouth 

iProm the Departments of Medicine and Surgery, Unnersitj of California Medical 


School, San Francisco t 

-•Presented before the Medical Section, as part of the sjunposium on ^onlub^culous 
Diseases, at the 45th annual meeting of the National Tuberculosis Association, Detroit, 


hlichigan, Maj'^ 5, 1949 
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ind no'tnlb ind the dieeji ‘it md with loweicd hcidh to fico themsehes of ‘JCtietion 
The incubition pcnod iv ‘‘.iid In Dimed to \ in fioni to eight montlis nid Dungiil 
wit. mijire^'cd In i iiO'-uhlc licicdit in fuloi Attempts to denionstiate the etiologicid 
igcnt either Mim or hittoiid, weie uiiifoiinJi negitnc Inti ipulmomij inoculation 
In': hecn sud to be i ‘.mec'‘-ful method foi ti-imfei of tlic di-^ene m one of thiee it- 
ttlnl)t^ with firm iniiniK Iloweiei, hoiibing bheep togetliei ippeus to leid to tniis- 
mn'^ion without ddhiulti llic Imtologit il fictoi comnt*; of eh iiacteiistic epithehd 
lirolifcntion with forinition of pqnllin inti-i- iK col ir inn'ies which iie not invasive 
but iirC'One the ■itronid outlines of the ihcoli 

c\si nrrouT 

The pitiont is i whiti. inirrud foni ih , ol Ncirs of igc llci f inul\ hibton, inuilil 
hntori , md pist Imtori until light ot nine \eirs igo ‘•tciiicd to be intireh noncontiibu- 
tor\ e\icpt tint in 1030 or 1010 her neiglihorb bid i ‘.mill flock of sheep which fell ill with 
ill leutc tcjiL of pulmoinrc infection from which niiin of the bliccp died The piticnt’s 
tout let w IS cisiiil, itnoKiiig in intiu'-t in the niisfoituiie of her ncighbois but not to the 
extent of iin c ire of the “iick iiiiinils \t ilioiit this time, howe\er, or shorth therciftcr, 
•.he noticed the ippeirimeof i dr\ h ickiiig cough w Inch w is irnt iti\ c iiul noiipioductnc 
‘^he biliece'. tint in 1011 oi 1012 she begin to ruse siinll imoiiiits of clear, imicoid, frotln 
sputum uul tint it tin s mie time her cough bee ime ritlier more piomincnt She eoiibiilted 
i plnsicim bee lUbo of her puliiioinn simptonib it tint time Ilei plnsicnl cMmmitioii 
w IS esseiiti ill\ iieg iti\ e but roc ntgenogr iphic exnmiintion was b iid to show some abnormal 
findings 111 the region of the right lower lobe, ilthoiigh the film was lost or mispl iced incl 
could not be obt lined for com)) irison with subbcciucnt loentgcnogrims Ihc diagnosis at 
this time was bronchieet isib iin oh mg the light lowci lobe Meanwhile, however, her sjmp- 
toms griduilh bee inic wor«e The sputum iiicicascd ilthougli it rcnniiicd mucoid and 
frotln 111 1014 her siinjitonib bee ime more seieie ind i film of this date was ilso said to 
re\e il i ji ithologic il process m the r ght lower lobe md bionchogi ims were sud to show 
bronchieet isis In 1045 the cough bee ime still moic m irked and the right lower lobe lesion 
igiiii appeared in the roi ntgenogr im This film, d-itcd lunc G, 1045, icvcalcd an iiea of 
mere iscd dcnsiti roughh tri iiigul ir in sh ipe, King just iboie the di iphi igm and poster loi 
to the interlob ir septum between the right middle and lowci lobes (figuie 1) V bionchos- 
copi was cssentnlh iicgitnc The sputum, which up to this time had been glair> , white 
mucus, became thick, lellow md foul smelling md the patient dcsciibed a tioublesonie 
musts odor Show is ilso tioubled In x ague right lowci chest p im which was never pleuritic 
m cli ir ictei 

k film taken 111 Juh 1940 icxc iled slight ciilaigcment of the shadow piexiouslj desciibed 
m the film a X ear earlier V x eai 1 itei, howcxci, in Tulx 1947, the anteroposterior film (figure 
2) rexealed i shadow which looked more extensive but nevertheless simil ii to the preceding 
ones, although the 1 ittcr film showed that the process behind the inteilobar septum had 
apparentlx cleared The iiei of deiisitx now occupied a tiiangulai irea Ijing against the 
posterior chest wall, the area aboxe the diaphiagra being fiee A film tiken on Decembei 
15, 1947 did not differ from that taken in Julx of the same j eai 

Examination of the blood showed the hemoglobin to be 101 pei cent red blood cells 
4,970,000 pel cu mm , white blood cells 14,150 pei cu mm , xxitli a differential count of 
polj morphonuclears 8G pei cent eosinophils 1 pci cent, basophils 0, Ixmphocxtes 9 per 
cent, and monocj tes 4 per cent 

Because of the previous latliei casual exposuie to sick sheep, the long insidious illness 
to which no othei ctiologj could be asciibed, and the stiiking lesemblance of the patient 
to the Wood ind Pierson case repoi ted in 1945, a diagnosis of pulmonarj alveolai adeno- 
matosis xxas made Since no therapj had heictofoie piox'ed effective m this disease and 
since it appealed to be limited to the light lowei lobe, light lowei lobe lobectomx xxas 
agreed upon Vccoidingl> , on Max 4, 1948 the light loxxer lobe was lemox^ed It was found 
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to be quite free film throughout, silmon-pink in coloi, ^\lth i jicculnr, smooth, sotidified 
surfnce The pathologic il report follows 

Material ftom Right Loiter Lobe Lobectomy 

Gross description The specimen consisted of n nght lower lung lobe, weight 470 Gm , 
with a smooth pleunl surfnce The Jung pirenclnma was \er\ soft niid mushj wnthjn 
salnvon-pink coloi In ninni mens it hid n penrh -white, granulnr 'ippeirmce Often tlie 
nlieoli nppencd to be distended with this mucoid nnternl \ sin ill poition of the most 



Fig 1 (Top) Tii uigulnr densifi light lowei Jobe posfeiioi to interlobu soptuin, June 
6, 1945 

Fig 2 (Bottom) Juh 17 1947 Oiigiiul ire i h mg postciior to inteilobnr septum Jins 
cleared Densiti now occupies posteiioi Inlf of right lower lobe 

superior poition showed rue noinii! congested lung tissue The bionchi weio free from 
tumor and a few sinill pigmented lulu i\niph nodes wcic piosont 

Microscopic The aheoli showed i in iiig degrees of met iphsi i nid icplicemcnt hi i 
simple column ir t\pe of mucus secieting ceil The colls wcie somewhit Inpcitrophic but 
well diffeicnti ifed uid mitoses weie uncommon \ iniiig degrees of dilTorontiatioii wore 
present and occisionalh well foimed goblet cells were found The tells fioqucnth had a 
pobpoid appeal ance The ah cob weic often distended In these cells The uminohcd 
alveoli often wore distended with mucus ind mucoid containing matiopli igcs Occasion il 
groups of chronic luflunmifon cells weie noted with eiih fibiosts of the aheolir w ills 
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The bionchioles ^\ere somewhat dilated and often contained mucus At the margin of the 
more normal lung noted grossly, the pulmonarj paienchj ma w as compressed and the nearb\ 
alveoli weie distended with many large leticulo-endothelial cells wath finely granu- 
lar cs toplusm There were large numbers of eosinophils and considerable intra-alve- 
olar bleeding The bronchioles and bronchi in this region also were compressed and the 
smaller blood vessels showed perivascular cuffing with chionic inflammatori cells and 
eosinophils The pleura showed an increased number of chronic iiiflammator 3 cells The 
hilar hmph nodes showed onlj modcrite anthracosis wath a slight inciease in the number 
of eosinophils 

The di ignosis was pulmonarj idcnomatosis 

Following lobectonij the piticnt made an uneientful recoven She appaientlj leniained 
well until Fcbiuan 1049, when a slight discomfoit appeared in the right posterior chest 
and she noticed i recurrence of the glaira mucoid sputum which had previously charicter- 
ized hei disease A chest film revealed scvcial areas of densiU in the lower part of the 
remaining lung In March 1949 she returned for evamination and sputum samples were 
taken bj Dr Henry Braineid of the Univcisitx of Cahforni i staff for rirus studies which 
are now being earned out Following the collection of these sputum specimens the patient 
was given a ten-da'i course of aurcomjcin in one-half grim doses every' si\ hours without 
apparent clinical effect Fine crepitant rales were present over the lower right chest follow - 
ing the completion of the aurcomy'cin theiapi and the shadows on the roentgenogiam 
showed no definite ctiinge ‘ 

DISCOSSIOA 

While tins cliseise is laic, the waters aie of the opinion that it may be somcwlnt 
moie common than heretofoic believed, and it is, therefoie, thought woith while to 
icpoit this patient as one iii w'honi the dngnosis was seiiously' consideied pnoi to opeia- 
tion If the disease is of tiue yarus etiology, it is interesting to speculate ujion the possi- 
ble cfTect of some of the new antibiotics It is quite possible that oppoituiiities may itise 
foi then tiial in the futuie since the disease is not ilw lys localized to one irea of the 
lung but maj' appcii simult ineoiisly in diffeient lobes 

The case foi yams etiology is still piesiunptiyc Ceitainly theie is a definite siinilaiity 
between the morphologic il appeal nice of human cases and bonne disease There is a 
strong CISC foi the yiius etiology' of the lattei since the ti insmission from animil to 
inimil ippciis to be well iccognized bo fai, howeyei, tlicie is no known recoided in- 
stance in wliuli ti-insmission h is occuiied fioni ni m to man 

Is thcie any ichtionship between this diseisc and so called piimin ihcolai cell 
caitmomi of the lung? So fu this question rciniins uninswercd Certainly there are 
many points of siiiiilaiity , is yyill be noted fiom the microiiiiotograph (figuic 3) Xeyer- 
tlicless, the piucity of the mitotic figures and the ibseme of stromil inya^ion in our 
( I'-e lie nioie eh ii icteiistic of inilmonary iheol u adtnoin ito^is \pii ireiith the hyjier- 
plisii of lolumiiii epithelium is piuniry iiid stioinil tlnnges eet.oiidiry Vn eytelleiit 
icyicw of the disease as it oiivirs in Icelandic sliccp may be fount! in ood ind Pioi-son’s 
iiticlc uid IS thciefoic, not repeated here In the sime irtiile iiijicaiv m cyccllent dis 
< iission of the c iso foi ind ig mist y irus etiology 

DnniiKki, 'Ihouipson, md Sweiny state tint there are no signs or s\niptotn- pitii- 
ogiionionie of puhnon iry adenomatosis Radiologii illy they si\ the rondition snnul ite- 

’ 'Shortly iftor opontion sputum from this pUunt y\ is submitted to Dr Henry Hriin- 
ci<l of tilt I niycrsity of Califonu i for yiuisstudus It y\as not possible (o isol iti i \i- 
iiis from tilt submitted mitcinl Tn itment y\ith two simdird courses of iimoniytin 
produci (1 no chiiigt in tlu piticiit’s condition Tn itiiuut y\ath 1 Gin of strt ptoiiiycin 
‘1 Illy for GO d ly s produced no objcctne thaiip Iho ji itunt is still under obs r\ ilion 
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tubeiculosis, cucmoma, oi pneumoim In out own cnse, liowe\ei, we behe\ed tint theie 
were ceitnni feituies winch pointed to the diagnosis Tiie insidious onset with the long, 
i-ithei benign couise, which was not clniacteiistic of nn otliei clnonic pulmoinij in- 
fection, was suggestive The fact that the disease ippeiied to imohe the anteiioi pait 
of the light lowei lobe and then siiifted to the posteiioi put of the right lowei lobe ap- 
pealed to be unlilve tine neoplasm Neieitheless, the f ict tint the shadows on the chest 
loentgenogiam neiei dmniushed ui size, is in atelectisis, seemed to evchide bionchial 
ohstmctiQii Ko etiological agent could be lecoieied fiom the sputum 



Fig 3 VKeoli show i an ing degiees of iiief ipl isn ind icpl iccnicnf h\ i simple lipe 
of mucus-seciefing cell 


SCMMARI 

1 A else of lustologicallj benign pulmoinn adenonntosis occuumg in the light 
lowei lobe of a ol-j'eai-old, white, nniiied female his been lepoitcd 

2 This woman had a definite, though nthei cisuai, evposuie to siek sheep shoitlv 
befoie hei sjmptoms began 

3 Tins IS the tlnid lecoided liumiii case in winch the diseise Ins been dngnosed 
pilot to death and the firet cise to oui knowledge in wliicli the couect di ignosis of the 
disease Ins been considered piioi to opeiatioii 

4 III this ease the disease appealed to be limited to the light lowei lobe at opci itioii 

5 Sjmptoms appealed ippioxiniitelj seien leirs befoie opeiation 

G The onset wis insidious, chaiacteiized bi a dn cough gnduallj becoming pio 
ductile, with the late dei elopmeiit of dull pam oier the imohed arci 

T The loentgenogiaphie findings weie not clnracteiistic of anj othei discise The 
lesion was not one which pioduced atelectasis but the imohed nei lemamed csseiitinllj 
iioimal m size unlike most othei inflimnnton pioce'sscs 
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S lolicctonn li not i)iotlu(e(I i eun‘ in tint tliorp iiijipii-v to bp i ‘-jiroui of tlip 
disci«c into tlie itMii iiniin; Innp: on tlic opci ilwl ‘jhIp ‘•c\cn niontli'' follow nif; ojierition 

MAI \UIO 

1 (i( nomnlo'^t’! 1 h cohpuliiwnar 

1 LI ( iM) loimnurnio cs do ulpiionuto-i^ pnlninini IiwtoIdf;ip unpiitc hpini'ii i en 
cl lolnilo infpiior dcredio dc un i nnijer hi im i < imiI i, dp »1 'ino- 

2 Li nnijer c«tu\ 0 nunifip-'t 1 uin<inp duo fortnit inipiitc PspuP'-t i i o\cj is cnfeiniis 
])Oto intc- do poincn? ii su<, <.fiitoin i*- 

3 ILtc O'- cl tcixcr c i^o conninn ido on (pic -c di'inno'-tn in 1 1 enfermed id ante-- dp 
I'l nnitrtc a tl jinmoio (pic ‘-c]umos cn ipn' *-0 (onsidcnn cl di mnostiro upit ido intc^ 
dc ojicnr 

4 Ln C'tc i I'-o I'l ifcuidii jiirtifi c-t ii limit idi il Idbiilo infciioi dcrcdio nl ojicrii 

5 I^os sfntoin i*- ipii'ccicron iproxini id inientc ‘•icte ifio-- intcs dc la ojici uion 

() Li inipi 1(11)11 [uC iii'-idio^i, ( iriptori? tndo'C por un i to-- ‘-pi i ([iic p ml itin imeritc 
sp \()1\ k') liunicd 1 ^ ij) UK Ion t irdf i dc dolor --onlo ‘•obic 1 1 ron i ifci t ida 

7 Ims II ill irsos ndio^riln os no fitcron ( ii k terfstn os do nin);iini otri dolpiui’i 
I 1 IpskIii no fin' t il (pic pnidiijcn atclcct I'-ii, >-1110 (pio, cn (ontraposinon a otros ])io 
cesos infi 1111 itorio'- h 2011 1 (omiuoinctid 1 i)piin inc(id cspiici ilincntc noinni cn 1 1111 ifio 
S Li lobcitomn no In obtenido li (iiruidn, piles piictc Inbei pi op 1^1101611 dc li 
ciifcniicdad nl icsto del jnilnioii del lido opendo 1 los sictc nicse« dc li intcnciicidn 
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FATALTENSION PNEUMOTHORAX RESULTING FROM DIAPHRAGMATIC 
RUPTURE IN A PATIENT RECEIVING PNEUMOPERITONEUM^ 

S 4 Y\XNITELLI, C E WOODRUFF, E E MUELLER, vnd L HOttVRD 
(Received for pubJicifioji Much 21, 1149) 

In leceiit j'e-iifa pneumopentoneum ujtli oj without wncomitt'int piueiuc neue ui- 
teiiuption has attuned consideiable fa\oi in the tieatinent of some ti’pes of pulmomn 
tubeiculosis The occasional complications tint maa occui such as an embohsni, ascites, 
pentonitis, foiniation oi aggiaaatiou of henna, teu of peiitoneal adhesion, mediastinal 
enipiij'^sema, atelectasis, diaiihea, gastuc distiess, and inoieuv cm be easih pieiented 
witli piopei technique, oi satisfactoiilj' managed if thej- occui (I, 2) The puipose of 
the piesent papei is to lepoit a fatal ease of luptuie of the diiphiagm in a pitient with 
pneuniopeiitoneura To om knowledge, tins comphc ition Ins not been prenoiish re- 
poited m the liteiatuie although Andeison and IVinii lefei to tlie possibility of luptuie 
occuiimg as a lesult of an eiosiie, ulceiatue tubeiculous piocess of the dnpluagin (3) 

RtmORT OF 4 CISC 

D D , a coloied fetuile, 16 \eirs of ige, w is admitted to the Wm H Maibuii Sun 
toiiuni on Decenibei 31, 1946 with a histon of pioductivc cougli, night swcits and weight 
loss foi si\ weeks Phisical examination leieilcd i well developed and well -nourished 
coloied girl appearing chi oniealh ill Impaiied peicussion ind bionchovesictihr hrcatli 
sounds weie found ovei the uppei thud of the loft lung ilong with an occasional post tussic 
rile Unne and blood examinations weic essentialR noimal Sputum tests weie positive 
foi tubeicle bvciili Chest locntgenogi im on idmission rev'ealed amodeiatcb ad' meed 
tuberculous process involving the uppei two thuds of the left lung with main small iieas 
of raiefiction m this aiea \ loentgenogi un taken foui weeks aftci admission showed 
furthei piogiession of the disease (figure 1) Bionchoscopv on Mav 6, 1947 was esscntnlh 
negative The pitient was earned on i conservitne legimen of bed icst until May 9, 1047 
when pneumopentoneum w is induced with the vaevv of temporizing until the pncuniomt 
charactei of the disease subsided The pneumopentoneum was induced and m untuned 
without difficultv , lesuiting in an elevation of the left heinidiapluagm a maximum of two 
and one-half interspices (fiom the tenth iib to the seventh interspace posteuoih ) and the 
light hemidiaphiagm two interspaces (tenth to eighth interspace) In Octoboi 1947 there 
was an increase in sjmptoms and a “spicad” was seen in the b ise of the left lung, the right 
lung remaining deal The pitient lecoived S4 Gm of streptomvcin fioni Octobci 31 1947 
to Januar 5 22, 1948 with considerible sv niptomatic inipiovcmcnt Pneumopentoneum re 
fills of 1,000 to 1 500 ml of ur weie continued at wceklj oi ten dav mtciv ils without ddh 
cultj , maintaining the diaphiagms at the aforementioned levels (figuic 2) 

In Febiuarv the possibiiitv of surgical collapse was considered and on rebru irv 1C, 194s 
the refills weie tempoiviiU discontinued to allow some dcpicssion of the diaphrigm so 
that better roentgenographic visualization of the involved lobes of the left lung could be 
obtained On the ifternoon of Alarch 11, 1948, twentv dav s after her 1 ist refill, the pitient 
noted rathei sudden onset of mild subscapulai pain aggravited bv deep rcspintion but 
unaccompanied bv dvspnca She iccened sedatives and spent i comfortable night , h iv mg 
onh slight pain the next moimng Roentgenographic examination it this time, howcvci 
revealed parti i! collapse of the tight lung, with a small amount of fluid it the base There 
was displacement of the heart ind ti ichci to the loft The pneumopentoneum w is still 
present but it was considcrablv less than at (he time of the last refill (figure 3) C ireful 
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Fir 1 (Upper left) Roeiitgenogi nn showing extent of diseisc befoic collapse the^ap^ 
IS instituted 

Fig 2 (Upper light) Roentgenogram showing elevation of diaphiagm following pneumo- 
peritoneum 

Fig 3 (Lower left) Roentgenogram showing fiist spontaneous pneumothoiax Aiiow 
points to bleb like shadows on pleuial surface of diaphiagm 

Fig 4 (Lowei light) Enlaigcmcnt of blebs shown in figuie 3 

examination of the loentgcnogram revelled two adjacent, bleb like shadows, each 7 mm 
in diametei, projecting ibove the middle of the light leaf of the diiphiagm (figures 3 and 
4) 

4ii w IS aspiiated fiom the right chest and the lung was allowed to re-expand The 
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pitient \\as stnited on n second couise of streptonncni m an attempt to pre\ent compli- 
cations The pneumopeiitoneum lefills were then cmtioush resumed to demonstrate 
Mhethei oi not a diaphiagnntic luptuie might be piesent \ftei small lefills on .^pnl 5 and 
A.pnl 7, 1948, pressuies in the peritoneal spice were plus 4 and plus 6 A loentgenogrim 
taken \piil 8 did not reieal am an in the light pleural space and the bleb-likc shadows on 
the light leaf of the diiphrigm were no longer Msible {figure 5) Dming the nevt si\ weeks 
lefills weie continued and the previous elevation of the diaphragm was gndualh attained 
Since tiieie was still no evudence of lupture, the pneuniopentoneuin was continued as i 
theiapeutie measuie with model ate dealing of the pulmonan lesions during the next four 
months (figure 6) 

On September 8, 1948 the patient receix'ed hei usual lefill of 1,300 mi of nr with initi il 
piessuies of plus 3, plus o, and final pressuies of plus 6, plus 8 Both diaphragms were well 
glex'ated (figuie 6) Duiiiig the day of Septenibei 16, it was obsened that the patient was 
exceptionalh boisterous laughing, ind momiig about in bed considenbh At 9 30 tint 



Fig 5 (Left) Roentgcnogi im showing conditions when pncumopcnloneum w is losiimed 
Fig 6 (Right) Roentgcnogi im showing elex itioii of diaphragm imniedi iloh ifterlist 
lefill " 


exening she became somewhat ippiehensne and complained of mild right shoulder jmn 
foz which she recened scditives Theie was no notice iblc dxspnei Vt midnight her pulse 
1 ite was 92, respirations 24, and the patient ippcircd normal except for ncrxousness and 
mild pain Additional seditixes were gix on At 2 30 a m the patient raised i smdl amount 
of blood-streaked sputum \t 3 10 a m her respirations seemed more 1 iborcd although tlu 
rate was 26 and pulse 100 The patient turned on her right side at 3 30 a m and w is found 
dead at 3 SO a m A post-mortem rocntgenogrim w is obtained (figure 7) 

Po'tl-morlcm findings Examination of the bodx rexealed a xxoll dex eloped and well 
nourished colored girl appearing somewhat older than her stated age Aside from pillor 
of the lips and mucous membranes, no external xVinorm ditics xxcre found Before miking 
anj incision, a needle connected with a manometer xx is inserted through the right thesf 
w ill and a pressure of 14 cm of water was registered V free air space was not found when 
the needle was inserted through the abdominal wall Upon opening the ihdontcn the 
peritoneal surfaces appeared congested Numerous smdl bubbles of air wore found tripped 
behind the omentum The right diaphrigm was conxex doxxnxx ird ind rcichcd the lexcl of 
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the sixth lib antenorly, the liver edge being pushed down 10 cm below the costal maigin 
The left diaphiagm was found at the level of the fouith nb A second piessure reading of 
the light hemithoiax, taken after the peiitoneal cavity was opened, was 8 cm of watei 



Fir 7 (Top) Post-mortem loentgenogiam Aiiow points to bleb on diaphragm 
Fig S (Lower left) Post moitem photograph Arrow points to bleb on diaphragm 
Fir 9 (Lowei light) Post-mortem photogiaph showing probe passed through opening 
on peritoneal aspect of diaphiagm 


Incision into the nght chest peimitted the ripid escape of air The lowei two-thirds of 
the right lung was found collapsed agiinst the mediastinum which, in turn, was shifted 
considerabh to the left The upper third of the lung was onh partialh collapsed, being 
le d in place In dense pleural adhesions present in this area The nght hing was red and 
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meat 3 in consistency It ii as devoid of ciepif ition except in the apical legion Xo tubercul- 
ous lesions were found The left lung showed small emphy sematous aieas in the apical region 
and 111 portions of the low er lobe Much of the lung w as dark led in color, completelj dei oid 
of air On section, numerous old, caseous foci, varying in diameter fiom 2 to 15 mm , were 
found in the lower portion of the uppei lobe and the adjacent poition of the lower lobe 
These lesions were sui rounded bi atelectatic and paitialh fibrosed lung tissue 

A soft, whitish mass, 1 7 cm in length and 0 7 cm in diameter, which collapsed under 
piessuie, was found piojecting fiom the pleuial suiface of the right diaphragm The miss 
was located in the middle portion of the diaphragm wheie the lateial muscle fibers join 
the central aponeuiosis (figuies 7 and S) Pressuie against the li\ei ciused clear, yellow 
fluid to drip from the tip of the piojectioii On eithei side of the lattei ind seveial centi- 
meters from it, small tags of fibrous tissue weie found adheiing to the diiphiagm These 
tags coiiesponded in position to similai tags found on the diaplii igmatic surface of the 
light lung On the peritoneal suiface of the diaphi igm was found i louiid opening, 2 mm 
in dianietei, which communicated with the bleb-like projection on the pleural surface 
This opening lax between two diaphiagmatic muscle bundles which appeared xxidelx spaced 
in this area (figuieS) The remaindei of the diapluagm was of usual thickness and stiuctuie 

The heal t showed marked dilatation of the light \ entncle A peisistent thx mils weighing 
60 Gm was found No othei abnoinialities of impoitance weie found 

A histo'ogical section thiough the bleb on the diaphi igm showed a hollow stiuctuie 
about 7 mm in diametei Its wall about 1 0 mm thick, was composed of a core of nowh 
foimed fibrous tissue with a gi iiiulomatous surf ice on eithci side Thclixcr ofgrinulonii 
toub tissue was heavier on the inside (continuous with the pciitoneiiiii) ind, on this sui f ice 
a subacute infl mimaton reaction was exidcnt 

The immediite cause of deith was given is tension pneumothoi i\ and light sided ni\ o 
caidial dilatation following ruptuie of the diaphrigni 

DISCUSSION 

Because of its unusual iiatuie, some explanation of this cise seems indicatori Tiie 
first episode of tension pneumotiioiax caused consideiible discussion is to whetlici this 
was the lesult of a luptuie tluough the diaphiagm oi i sjioiit ineotis” pneumothoi ix 
of the usual xaiietj Tlie iigunients foi spontaneous’ pneumothoi ix weie (/) the 
lelatixelj' high frequencj’' of this tjpe of accident in pitients with pulnionaij tubei- 
culosis as compaied with the pieiioush niilieiid of occiiiienee of diaphiagm itic luptiiie, 
and { 2 ) the continued piesence of pneunio|iei itoncal an immediitcly aftei tlie episode 
and its peisistencc eyen iftei the lung w is completely le-exiianded The iiguinentb 
fayoimg lupture of the diipliiagni weie (/) the somewlnt rijiid decie ise in sire of the 
pneumopeiitoneal an space, ( 2 ) the bleb-hkc sh idows on the siipeiioi sui face of the light 
heniidiaphiagm, and (S) the lack of demonstiable tubciculosit; in the jiitient’s light 
lung yyhich nught conceiy iblj^ hue cuised the usuil type of sjiont incotis" iiiicunio- 
thorax After this fimt iccident, tlioi icosiopy w is consideied to dcteinime if a lent in 
the diaphiagm actually existed but was dismissed m faxoi of fuitlicr small jinciiino 
peiitoneum lefills under caieful obseii ition hen no iir w is dcmonsti ited in the light 
pleuial space aftei these refills (figure 5), it w is concluded th it i diiphi igmatic rupture 
was not present In ictiospect it seems exident tint the opening m tiic bleb w is clo=cd 
by the oiganization of fibim in the 25 dix inteiy il between the fiist iccident and the 
time when the lefills were lesunied 

This case history piesents other aspects winch ippeii jiciplexing Ruiiturc through 
the diiphiagm might be expected to occui during oi inimedi iteh iftci i piiciimopcn 
toneum refill when the intiapeiitoneal picssuic is it a niaximum, but in the jirc^ciit ca‘-c 
the niptuie did not occur until twenty ind nine d ly «, icsiiectiyeh , iftci the preceding 
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lefill It will be lemembered that the patient’s diaphragm w^as maintained at a fairly 
high level for ten months before her first episode of luptuie Dm mg this period the 
muscle fibers were apparentlj’' stretched apart sufficiently to permit a small rupture 
through the diaphiagm, resulting in the foimation of a bleb on its pleural surfaces The 
work of Andei-son (4) on the intiapleuial pressure changes during pneumopeiitoneum 
may indicate wdi3' this bleb ruptuied so long after the piemous refills w^eie given He 
demonstrated that intrapleural piessuies w'eie elevated immediately after a refill of 
pneumopeiitoneal an and graduallj’^ readjusted to a normal pressure by the time the 
next refill w as gn en Therefore, although the highest mtiaperitoneal pressure is obtained 
immediatelj’- following a refill, the diffeiential pressure betw'een the intrapleural and 
mtrapeiitoneal spaces maj' be greatest sometime later 

Two other factors should be mentioned as possibly piecipitating the rupture of the 
bleb at such long intervals after the pievious lefills As the diaphragm descended, the 
relationship of the bleb to the base of the right lung changed This maj’’ have been suffi- 
cient to break a seal that had been established between these two structures Second^’’, 
it appears from the case histoiy that the coughing, laughing, and bolster ousness of the 
patient the eiening before she died w'as an impoitant factor in initiating the teiminal 
episode of rupture It is piobable that the bleb was luptuied by the pull or teai of al- 
readj' stietched adhesions during tins excessive actnatj^ of the diaphragm 

The plus 14 cm of watei piessuie found m the right pneumothoiax after death de- 
mands an explanation, since the maximum piessuie ever reached in the peritoneal space 
during refills was onl}' plus 8 It seems evident that the collapsible bleb on the pleural 
surface of the diaphragm acted as a valve while the diaphragm itself served as a pump 
forcing ail thiough the valve This pump-like action became moie vigorous as inci easing 
dj'spnea caused gieatei lespiratorj’- effoit Thus a \acious cycle was established, the 
dj'spiiea produced by the partial collapse of the light lung inci easing the action of the 
diaphragm which, in turn, pumped moie an into the right pleural space creating further 
dyspnea 

It would seem that three mam factors are peitinent in deteimimng the seiiousness of 
this complication of pneumopeiitoneum fiist, the size and suddenness of the rupture of 
the diaphragm, second, the volume and piessuie of the pneumopeiitoneum, and thud, 
the lalve effect that may occui which, associated with the pump-hke action of the dia- 
phiagm, can set up a vicious cycle and result m a lapidly fatal course These possibilities 
emphasize the need foi caieful obseivation of pneumopeiitoneum cases since, if this 
complication occuis, eailj^ diagnosis and pionipt tieatment wall be necessary to prevent 
a fatal outcome 


SUMMARl 

A fatal case of luptuie of the diaphiagm and resulting tension pneumothorax m a 
patient leceiving therapeutic pneumopeiitoneum is lepoited The autopsy findings and 
the pathological phj^siology involved aie discussed along with factors that may deter- 
mine the seriousness of this complication 

SUMAKIO 

N eumoiorax Hvpertensivo Letal Dehido a Rotura Diafragmatica en Panenie 
en Tratannento con Neumopentoneo 

El caso letal comumcado es de lotuia del diafiagma seguida de neumotoiax hipei- 
tensno en paciente que lecibia el neumopentoneo teiapeutico A1 discutir los hallazgos 
autopsicos j’- la fisiologli patologici, mencidnanse los factor es que pueden determinai 
la giavedad de la comphcacion 
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TUBERCULOUS ARTERITIS OF THE ABDOMINAL AORTA WITH RUPTURE 
INTO THE THIRD PORTION OF THE DUODENUM 

Report of a Case 

H‘VROLD Z\ROWITZ> \m) DAVID M GRA.YZLL 
(Received foi publication \pnl 25, 1949) 

INTRODUCTIOK 

Tubeiculosis of the laige uteiiefa of the body has been of laie occuiience as evidenced 
b} 1 lenen of the litei ituie The aiteiitis occuning m the small blood vessels is usuall}^ 
pait of the tubeiciilous piocess tint invohes a paiticulai oigan and in itself is not vei 3 ’^ 
impoitint, since it does not ha^e anj dnect effect on the couise of the disease Hovevei, 
vhen the higei vessels aie in\ohed, a change in the immediate couise of the disease 
ensues In 1913, Hi^dhoin (5) desciibed foui tj'pes of tubeiculous aiteritis The fiist 
vas inihaij' tubeiculosis of the intima which he stated was the most common In this 
t^’jie, imlniy glistening tubeieles weie seen on the smlace of the intima The second 
consisted of polj^n of tubeiculous tissue attached to the mtima Heie a small peai- 
shaped mass of tissue, which lesembled a white thiombus, was attached by a pedicle 
to a slight elevation of the mtima, with the distal poition swinging fiee in the diiection 
of the blood cm lent The pithogenesis heie consisted in deposits of tubeiculous tissue 
on old scleiotic patches winch weie followed bj"- thiombus foimation ovei the aiea and 
winch latei became oigamzed and assumed a polj^poid mass The thud tyjie w'as tubei- 
culosis of the wall in which all the laj'eis weie involved, and the fouith tj’^pe was aneu- 
lysm foimation Accoiding to Eppingei (4), aneuij’sms on a tubeiculous basis aie foimed 
bj"^ m 3 ’-cotic emboli that enlodge in the vasa vasoium and cause a thiombosis which in 
turn lesults in an acute pen- and mes-aiteiitis with complete solution of the continuity 
of the elastica and damage to the ad\entitia with lesulting aneuiysm foimation How- 
e^ei, aneui 3 'sms can also be foimed b 3 ' dnect extension of a tubeiculous process fiom 
wathm 01 fiom wathout 

The fiist case of a tubeiculous aneui 3 '^sm was lepoited b 3 ’^ Kamen (6) in 1S95 The 
patient was a soldiei, 24 3 ^eais of ige, with clnonic pulmonai 3 '^ tubeiculosis and acute 
inihai 3 ^ tubeiculosis The foimei caused an aneui 3 ’’sm of the ascending aoita just abo^e 
the aoitic cusps bx^ dnect extension fiom caseating mediastinal lymph nodes 

Until 1933, 20 cases weie lepoited of aneui 3 'sms of medium size and laige aiteiies 
as a lesult of tubeiculosis Foui of these weie due to hematogenous dissemination with 
bicilli going thiough the xasa xasoium and lodging in the medial w'all Theie weie no 
foci of tubeiculosis suiiounding these aiteiies The piimai 3 ’- souice of the tubeiculosis 
was known in all cases The fiist of these cases was lepoited by Pel and lecoided b 3 '- 
Lenoble (7) m 1922 It was that of a 20-3'eai-old female who died of an aneur 3 ’^sm of a 
femoial aitei 3 ’^ and the supeiioi mesenteiic aitei 3 ’-, both of tubeiculous oiigin Theie 
weie also tubeieles on the initial xahe The second lepoit was that of Tozei (11) in 
1915 and desciibed a case in which a tubeiculous aneui 3 ’^sm of the abdominal aoita 
luptuied into the duodenum The thud was that of Biockman (3) m 1926 in the case 
of an aneuiysm of a femoial aiteiy in a boy 14 3 eais of age who also had Pott’s disease 
Biockman behe\ed that this aneui^’-sm occuiied as a lesult of a m 3 yotic embolus to the 
X'asa ^^solum of the femoial aiteo The fouith case was that of IMalcolm (S) in 192S, 
in which a 72-3yai-old male had a femoial meui^sm which luptuied ;\Iiliai 3 tubei- 
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culosis '^^as found in tins pitient and tubeicle bacilli iieie denionstnted in the media 
All the coats of the aiteiial nail neie iieciotic In 1933, Baunigiiten and Cantoi (2), 
lepoited a case of a 53-yeai-old male with an aiieuiysm of a femoral aiteiv winch lup- 
tuied This was tieated snigicallj and the histological studj prmed it to be of tubei- 
culous oiigiii The patient was well tliiee yeai-s aftei the riiptuie occuiied In this case 
no priniaiy focus was demonstiated In 1935 Baniaid (1) demonsti ated i case of i 63 - 
j^eai-old female wath tubeiculosis of the coionaiy and iiitiaciniiial cirotid iiteiies Heie, 
too, no piimaiy focus was demonstiated Thienie and Maddock (10) in 1939 lepoited 
a case of a 35-year-old male wath peiiplieial aasculai tubeiculosis Theie was no piimnv 
focus eiei demonstiated In 1941, Xeel (9) described a case of a 21-je.U'Old prcgnint 
female with tubeiculous thiombophlebitis m the lungs and tubeiculous imoheiuent of 
111 e\teinal iliac arteij' The lumen of the aiteiy was filled with a ciseous white thrombus 
and theie weie aieas of inflammation and caseous neciosis in the in tuna and media 
with piolifeiation of connectne tissue and aasciiiii endothelium and infiltiation bj 
lymphocytes and epithelioid cells in the adientitia Tubeicle bacilli weie denioiistrited 
m the white thionibus 

Thus, tubeiculosis of the laige aiteiies ocouiimg as a lesult of hematogenous dis- 
seniination is indeed a raie occuiience We aie now pie^enting a case of tubeiculous 
aiteiitis of the abdominal aoita without aneimsm foimation which occuned thioiigh 
hematogenous dissemination and piecipitated uiptuie into the duodenum with immedi- 
ate death 


REPORT OP \ CCSE 

\ D , a 62-j car-old white male was admitted to the Jewish Hospital because of con- 
tinued fever, malaise, more\i i and weight loss of si\ weeks’ duration 

His past histon w as significant in that twenti leirs before admission ho h id suffered i 
coronan arten thrombosis from which he appirenth Ind rccoicrcd complefeh Vt tlie 
age of IS he had one bout of hemoptisis which subsided watliiii one week iiid for which no 
therapj was given He had retired from business iiid duiiiig the pist tweiili leii-s hid 
occasional angina ind exertion il dispiiei 

Six w eeks before idniissioii he had in episode of fee or and ni il use w hicli lasted for i few 
dies He w IS trcited with sulf idiaziiic rollowuig this ejiisode he ne\or fulh retoicred 
He noted anorexia, fatigabiliti , ind weight loss Two weeks before idniission he hid i 
lecurrence of fe\er and mal use This did not respond to thcripi iiid necessitated hospit il 
obsen ation 

The pin sic il examinition showed a well nourished and well doc eloped idult mile The 
blood pressure w is 150 si stolic 100 diastolic (mm of mei cun ), pulse 130 per minute tern 
perature 100° F , iiid respiiations 26 per minute Ml findings were iiogatne except for (/) 
the lieirt w is enl irgod to the left bi percussion iiid a soft ipicil si stolic murmur w is 
audible, (?)the liier was felt one iiid oiie-hilf finger bre id ths below the cost il in irgiii 
ind (S) the spleen w is fell one finger bicidth below the cost il ni ircin 

Two dais after idmissioii the pitieiit ippcarcd "shglith dispneic ind c\ uiotie Moist 
riles were audible it both bises iiid cleired slightli on cnughiiig \ pent irdnl friction 
1 ub was heard in the second left intercostal sp ice 

The urine showed i specific griMt\ of 1 022 dbuniiii one plu-- sug ir zero mil 5 In ihm 
casts per high power field The hemoglobin w is 5>5 per cent er\ tliroei tes -) 10 niilbon pi r 
cu mm total Icukoci tes 5 015 per cu mm with So pohmorphunucle ir leukoci te>, uni 
15 hmphocitcs per 100 cells The erMlirocite sedimentation rite \anod from 0 to 12 mm 
(Mestergren) 

The following studies were normal blood sugir urci unc icid lot il protein V (• 
ritio, prothrombin time scrum agglutin itioii for tiphoid pintvphoul group, Ilnicell i 
Hcterophile antibodN titer serum innlise rcrebrospin il fluid md four blood ciilliin - 
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The follo\Mng studies weic ibnoimil x glucose toIci<ince test shoued i noimal cuive 
with X mild ghcosuiix, nid in elect rocai diogi xm showed slight depiession of S T seg- 
ment 111 Lcid I and the Q wave in Lead III, a ciicuHtion time studx (aim to tongue) was 
twentx seconds, and a stcinal punctuic showed “smudge” cells 

A gastrointestin il loentgenogiaphic stiidx lexcilcd an esoiihageal hiatus heinia and 
multiple diveiticula in the descending and sigmoid colon \ chest loentgenogiam levealed 
that the heiit w is enlaiged to the left and that both lung fields contained nu- 
meious stippled deposits scatteicd from xpe\ to base 

Clinical course The patient’s temperatuie vaiicd fiom 100 to lOl^F foi the fiist week 
ind the pulse late vaiied pioportionxteh The respu xtions, howevei vxried fiom 30 to 
45 pel minute He w is given piocxine-penicillin and streptomxcin During the second week 
the temper iture vaiied from 99° to_ 101°F Fiom the fifteenth to the eighteenth day it 
xaiied fiom 100° to 101°F , ind the i6spiiations weie noimal foi the last eleven daxs of 
admission The pxtient requested that he be dischaiged on Xoxembei 17, 194S 

At home he continued to have low grade fevei He began to complain of aching pain in 
the lumbodoisal legion ind of lowei abdominal ci imp like pain The week before 
the second admission his tempeiatuie lose to 104°F On Decembei 11, he was readmitted 
to the hospital 

\ phxsical examination showed the patient to be in no distiess but “toxic” and pale 
loud pericaidial friction lub was lieaid at Eib’s point A pulmonic systolic raurmui was 
xlso noted The livei was enlarged three to foui fingei-bieadths below the costal margin 
and had a firm edge The spleen was film and nontendei It was noted that the abdominal 
aoita was easih palpable 

The following studies weie noimal blood uiea mtiogen, glucose, cholesteiol, biliiubin, 
seium amxlase, urine culture, mine and cephalin flocculation tests The eiythrocjte 
sedimentation late w as 25 mm per lioui 

Clinical course (final admission) The temperatuie vaiied fiom 99° to 102°F and the 
pulse and respirations xxere propoitional On admission he complained of severe abdominal 
pain At times he beexme iriational On Decembei 18, at 5 30 p m it was noted that the 
patient had a fair da 3 A.t 8 50 p m he suddonlj began to have gasping lespiiations and 
died ten minutes latei 


Autopsy Findings 

Lungs The right lung weighed 600 Gm and the left 550 Gm The external surfaces 
were smooth and glistening, but on palpation small hard nodules up to 0 3 cm could be 
felt subpleurallj'^ and deep within the paienchjmia The cut sections levealed frothj’’ fluid 
that could be expiessed on pressuie All the lobes weie similai The pleuial surface over 
the left apex xvas slighth dimpled and was coveied bj thin fibrous pleural thickening The 
lung tissue subj xcent was fiimei than the suiiounding area The bionohi were not unusual 
The pulmonarj" arteiies showed a mild degiee of intimal sclerosis The tracheobronchial 
Ijmph nodes were enlaiged and soft On cut sections thex>' showed circumsciibed areas of 
soft white and yellow tissue 

Gastrointesinial tract The stomach contained laige clots of blood The duodenum and 
jejunum xxere filled completelj with a similar material In a third poition of the duodenum 
there was a perforation through the posteiioi wall which communicated with the lumen 
of the abdominal aoita (figure 1) In the duodenum, hing freelj , was a lound mass of tan, 
led, and brown tissue measuring 4 cm in di xmetei which fit snugh into the perforation 
(figures 2 and 3) 

Spleen The spleen weighed 390 Gm 4.t one pole theie was a jellow firm aiea which 
x\as depiessed below the suiface The cut section showed this to be xellow and triangular 
in shape xxath its base at the surf xce of the spleen The pulp was soft 

Kidneys The light kidnex weighed 200 Gm and the left 220 Gm The capsules stripped 
easilx The coitices weie studded with small miliaix white nodules which on cut section 
contained soft white mateiial 
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L)/Hip/i nodes The hmph nodes in the nei sunounding the noita i\eie not iinohcd bj 
a tuberculous piocess 

Pcncardrum Both Msceril md pmetnl peiicudiil laieis iieie smooth nid glistening 
and unim ohed b\ m\ pithologic piocess 



I ir 1 (L ppoi left) Phofogriph showing jirobc p losing from lortic hum ii on tin h f* 
into the d irker duoden il lumen on the right 

Fir 2 (Lpper nght) Photogriph of pcrforilion from the duoden il '-idc 
Fir 3 (Bottom) Photogriph showing lirge clot occluding the perfontion on the duo 
den il side 


M icroscopic 

Liiiui In \ irious jiirts within the inter ih col ir sept i were found \ irioiis siycd tuber 
clcs consisting of ciseiting necrotic centers with I High ms’ gi mt lells ejiitliclioiil 
cells iiid h mpliocv tes i* the pcriphen Some of the tubercles were loc itid siiliiileiinlK 
Some of the ihcoli coiituned i homogeneous pink s( umiig miten il In tin ipe\ of the 
left lung there w is i sni ill tubercle idj icen' to in in i of ossifii ition iml fibrosis 



n in lu \ 1 oi ^ Mill uni'' oU; 

/ill I rins '•liowoil ''in ill lulu nle-' si itlcii'd ihrounliout tlio loluiU s 
li/rnifi/<; '1 Iiik showi d oiu tulii'n li> in tin' < oi U \ ind iillu rwii-o m( rc not iluioiniil 
/’ni'liili llii'- d*-!* ‘.liowc d luu tulx n lo in tlu stioiiii md mild t-limdulai o\( lurow ill 



Pig 4 (Top) Miciophotogiaph shoeing dissolution of conlinuitv of aoita bv caseation 
Fig 5 (Bottom) IMiciophotogi iph shouing tubciculous icaction in adventitia vith a 
Langhans’ gi int cell, ljmphoc>tes and epithelioid cells 

Kidney The coitices verc studded with vaiious sized tubercles which were similar 
to those 111 the lung 

Spleen This showed v laige caseous infaict and mani small tubercles within 
the paienchjma 
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Aoila and site of perforation The intima showed a large atheiomatous pi ique with 
mam cholesteiol clefts The intima could be followed to a point wheie its C 0 !itinuit\ w is 
interiupted caseating, neci otic tissue The coiitmuih of the media iiid id\ent!ti i was 
also Intel uipted bA similar miterial at the sime point (figuie 4) In these ire is, ospeci ill\ 
111 the adventitia, tuberculous granulation tissue consisting of Laiigli ins’ giuit cells, 
epithelioid cells, iMiiphocites, iiid fibious tissue could be demonstiated (figuic 5) V 
Ziehl-Xeelsen histologic stain of these neciotic aieas levealed the piesence of a consider 
able numbei of acid-fast bacilli Theie was no eiidence of am aneunsm foiniation 
Anatomic diaonosts (partial) Tuberculosis, milian , of lungs, Inei kidnei, spleen, 
piostate, adienal and tracheobronchial nodes 

Tuberculous aiteiitis of abdominal aoit i with ruptuie into thud poition of duodenum 
with hemoiihage 

Apical tubeiculosis, old, left, with ossihcition 

COMMENT 

It has been demonsti ited that this cise of tubeitulous uteiitis occuiied thiougli 
hematogenous dissemination, in as much is time weie no tubeiculous foci in the tissuCN 
suiioundmg this poition of the aoiti ind since it w is diiecth issocuted with icutc 
mihaij tubeiculosis Theie iie two possibilities is to how the im ision of the w ill could 
hue occuiied The fimt is that mj'cotic emboli enteied tliiougli the \ i^i i isoium ind 
piecipitated the aitentis The second is tint these sime emboli could hue implintcd 
themsehes upon an ulceiated atheionia of which theie weie mam m this jioitioii of the 
aoiti Ftom heie the m\ isioii would be fiom within out Howeiei, it u impossible to 
saj which was the bisic mechanism of nnasion 

It is inteiesting to note that this is the onh lepoited cise in whuli mem \ sin foinii 
tion hid not occuiied 

The puniaij' focus in ill piobabiliti w is the old tubeiculous lesion found in the ipe\ 
of the left lung, although no definite eiidente of actniti could be domonsti itecl 

This cise fuither beais out the fact that tubeiculosis of luge ii teiics iisti dh di ingcs 
the immediate couise of the disease 


SUMM\IU 

A c ise of tubeiculous aiteutis of the ibdoniinal aorta with luptuie into the duodcmmi 
is repoited The lesion was issocuted with gcnci-aiizcd milian tubeiculosis winch pie 
sumibh nose from in old pulmonin tubeiculous lesion The ntoiitis w is not uso 
ented with the forinition of m ineunsin 

SUM \uio 

Arlcnlis Tuberculosa dc la.iorla \bdotinnal, cou Rotura cn la Tcrccra 
For Cl on del Duodeno 

Li tubeuulosis dc 1 u gi uidcs irteiias cs lari 

Ofidceuse uii lepuo de la htcratnn a on i iso dc artentu fnhenulosi de li lort i 
dxlommil con roturi intruhioden il 

Xo h ibf i form icion de ineunsin i 

Esti lesion se uocn i grniulia, i se disiute h pitogenn 

se d i jior sent ulo que cl foco prim mo ridna en un i uitigu i Ic'ioii tiihcruilo' i en tl 
jmltnon 
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Letters to the Editors 


THE CHEMOTHERAPEUTIC ACTION OF STREPTOMYCIN PARA-AMINO- 
SALICYLATE IN EXPERIMENTAL TUBERCULOSIS IN MICE 

To the Editors of the American Rcricu of Tubcriulosis 

Lelimnnn m 1946 (Kmcet, 1946, 1, 15) cillccl ittention foi the hfst time to the tubei- 
culostatic iction of pimminosilinhc icid in iitro nnd to its suppiessue efTeet on the 
couree of tubeiculous infection in innnils md nnn Since then, inin\ lepoits on the 
autitubeiculoiis actnit^ of this substmee line oppeiied (See Pioc Stiff Meet Mno 
Chn , 1949, 24 (13), 342) Studies to dite line eniplnsized (/) the luge dosiges of 
pari-aminosihcjhc acid necessiij in oidei to influence the coui-se of the infection when 
the Dial loute of idnunistiation is used, iiid (2) the ficqiieiit gistiointcstniil distuibinces 
lesulting fioiu the admniisti ition of these luge doses 

In 1947, Youniaiis ind Ins assocntes (J Bact , 1947 d4, 409) cillcd ittention to tlie 
possible sjneigistic effect of paia-aniinosihcjhc icid on the ictioii of stieptonnein 
when the two tubei culost itic igciits aic used m conibinition Pichniinin chnicil studies 
Ime been earned out since that time to stud 3 this smeigistic ictioii, iiidditiaie n iil- 
able to suggest tint the idmniistiation of pari-imiiiosihcihc uid in conjunction with 
sticptoniNcin loweis the incidence of the emeigence of sticptonucin-iesist int sti iins of 
tubeicle bicilh (See Repoit of tlie Seienth Stieptonntm Confcieiice lield In tlio U S 
Vetcians Adiiimisti itioii, Ainu, and Xiw, Vpul 1919) Luge dosages of pii-i ininio- 
sahc 3 hc acid (S to 15 Gin jici dn) ha\c been used, lioweiei, thioughout tlie studies 
The pin- uuinos ihc\hc icid salt of stieptonnein is i higlih puiificd compound con- 
sisting of 56 puts of stieptonnein uid 44 puts of piri-uninosilic\hc icid One molecule 
of pine stieptonnein bise combines with 3 molecules of pui uniiio«ih(\hi icid (1- 
uninosihtihc icid) to foiiii the w itei -soluble silt, stiejitonncm pii i-unmosih(\litc 
It h IS i moletul ii weight of 1 039 uid i theoictic il potenei of 55S •> of jiuie sti-ej)tonn cm 
bisc per mg total weight of silt Piehmniin studies of the tiibeiculost die iitniti 
of this silt (Hobln ct at , Reiioit of the tscicnth .Stieptonnein C onfcieiice held In the 
U iS Vcteriiis Vdmnnsti itioii, Vrnn, uid Xiw, Vpiil 1949) h no indic itcd th it it is 
ippioMinitch twice is ictncuicdro is stio()tonncin done when coiniiircd on i ‘■trejito 
nn cm unit igc b ISIS tstieplonniin lesist uit c ui ints of U tnltcrcidosis mi\ or in n not 
be sensitne to this s dt, ill iic inoie sciisitue to it, howc\ or, th in to stioiitoinccin sulf ite 
(sec t ible 1 ) 

In tiiro studies to demonstrite the cmcigence of «ti uiis re-ist int to sti-cjitonncin 
inri-iminosihi\lite line filled to show such inut iiits duiiiig i three months stud\ 

It Is recognized tint this docs not nicin tbit such insist int orguiisnis will not ijijieir 
undei ipprojirutc conditions Thcditi i\ ul ibic sugccst, howceer tint the incidciiK 
with which stniiis rc-ist uit to this silt will ippcu is low 

'strci!tom\cin JUM iiniiios ihc\ I itc m n be idniiiiistorcd without dilhciiiti to unnnls 
mil mill Thissdt permits the idmmistrition of streptonn < m indinri uiimo-ducht 
uid siniult mcoiisK m i single injection It- utnitc in nio i- therefore, of interest 
V stud\ of the chcmothcMiieiitii iction of strejitonn i m juri mnno' die \1 ite in 
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comp Dison to th \t of sticptom> cm sulfate was cainecl out m mice infected mtiaceiebially 
with the H37Rv stum of M (ubcrmhsis The lesiilts of this stud}^ indicate that the 
p 11 1- immosahci he icid silt of stieptonucm, in dosages equnalent to 400 7 of puie 
stiept 01111 cm bise, is 11101 e effectu e than the same quantity of stieptomjcin sulfate This 
effect Ilia'S be eiidenced by compaiison of both the aveiage suivival time and the actual 
pel cent ‘sunnal at the end of the obsen.ition peiiod (see table 2) 

TABLE 1 


The In Vitio Tnhcrcnlostattc Acltmti/ of Sti cptomyan Para-aminosahcylate 


CULTURE 

SENSirnm {y pure streptomvcin base per cc ) 

Streptomjem Sulfate 

Streptomycin PAS 

H37R\ 

0 5 

0 23 

Vai 1 ints (H37Rv) 



7 strains 

>10,000 

1,163-2,325 

1 strain 

6,000 

930 

1 strain 

1,250 

<9 3 

Freshh Isolated 

1 


3 strains 

<1 

0 23-0 50 

2 strains 

2-10 

0 90-8 0 

1 strain 

25 

7 4 

2 stiains 

>100 

<1 9 -29 3 

1 strain 

5,000 

10 0 


Sensitivitj = least amount necessarj to inhibit giou th at the end of 12 days’ incubation 
in Dubos liquid medn 


TABLE 2 


The Chemotherapciiltc ietivity of Sbeplomycin Para-ammosahcylate in Experimental 

Tubeiculosis in Mice 
(Stiam H37Rv) 


TiinRAP\ 1 

PER CENT SURM\ \L/uONTHS 

AVERAGE SUR\T\ VL 

time/da\s calculated 

AT (months) 

Agent 

DosTjje 
SM 7/da> 

1 

1 

2 

3 

4 


2 i 

3 

4 

SM-P\S 

400 

100 

100 

90 

90 

30 

60 

89 

114 

SM-SO, 

400 

60 

50 

40 

40 

28 

43 

57 

72 

Controls 

! 

70 

30 

30 

10 

29 

41 

50 

61 


All animals in this e\peiiment ueie treated foi one month only The number of animals 
used was small (10 per dosage) Repeated experiments on large numbers of animals, how- 
evci, have shown compaiable lesults 


The pai a-aimnosalicylic acid salt of stieptomjcin is noniuitatmg in animals upon 
repeated injection at the same site It possesses the same degiee of acute toxicity for 
lower animals as does the calcium chloride double salt of streptomycin Chronic to\icit3’^ 
studies 111 cats indicate that the toxicitj of the PAS salt of either stieptomjmm or dilij dro- 
stieptom'^ cm should be the s ime in man as that of stieptomj cm 01 dihj drostieptomx cm, 
1 espectn eh 
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Bj injection the simll amount of pari-aminos ihcj lie acid piesent in tins compound 
appears to be sufficient to altei the course of tubsiculous infection m mice Tlie true 
value of this salt, hove\ei, vail depend upon whethei oi not the amount of pin-ammO' 
salicjhc acid piesent is sufficient to altei the incidence of emergence of stieptoimcin- 
lesistant stiains of M tuberculosis m man This can be deteimmed b\ chnicil tnil onh, 
and studies aie in piogress to determine the late of absoiption of «tieptoni\cin piri- 
ammosahc^ late, its therapeutic lalue, toxiciU, and abilit\ to pieient the emeigencc 
of stleptom^cm-leslstant oiganisms in tubeiculons mdiMdiials 

G Hoinia 
P JilGW 
T Llncrt 

Biological and Chemical Risfarch Laboratories 
Chas Pfizer & Co, Inc 
Brooklan, Xfm York 
Octobei 13, 1949 



THE EFFECT OF ANTIHISTAMINE MEDICATION ON THE 
TUBERCULIN REACTION 

To the Editors of the American Review of Tiibercidosis 

I have lead with coiisideiable inteiest the article in the Septembei 19-49 numbei of 
the American Review of Tubereidosis by Doctois Fiiedman and Silveiman on “The Effect 
of Antihistainiiie Medication on the Tubeicuhn Reaction in Cliildien ” In the light of 
my onn expeiiences nith antihistammic dings, I am ceitam that the lesults of then 
studj’' aie lendeied delusive by seveial factois fiist, by inferring at the outset the lela- 
tionslup of the slan leaction to histamine and othei alleigens, such as ragneed^and 
tmiothy, to the slvin leaction m an individual liypeisensiti\’n~to tubeiculm, second, b}^ 
expecting to see lesults uitli “ homeopathic” doses of antiliistamme used foi only foui 
days (even the ten chddien given laige doses leceived the drug foi only two days piioi 
to the skin test and foi ti\o days theieaftei), thud, the tests nere lun on childien fioni 
five to eleven yeais old In childien of this age gioup the degiee of hypeisensitivitj is 
less than that seen in j oung adults and oldei humans 

In a senes of cases of vanous types of tubeiculosis m winch antihistaminics neie 
emplo-sed to stud} both the effects on the Maiitoux test and the tubeiculous lesions, 
lepoited 111 Annals of Allergy, May-June 1949, 7, 306, we found some very inteiesting 
lesults when adequate dosage and time weie also employed '\4dien 500 milligi ims of diug 
lie given foi six months with pulmonaiy and othei foi ms of tubeiculosis, one begms 
to see the lesults that cannot possibly be seen by emplojnng 60 milbgiams foi foui days 
In 24 of the 30 cases lepoited, thoMantoux (using PPD, fiist stiength) was conveited 
giadually to negative and lemained negative, except foi a few' instances, foi the duiation 
of the antihistammic theiapy All skin tests letuined positive w'lthin foui weeks aftei 
medication was discontmued Some veiy mteiesting effects on pulmonaij lesions, some 
quite di uiiatic, aie also demonstrated 

Howevei, it is quite unfaii to con elate visceral (pulmonaij') liypeisensitnit} with the 
state of the skin leaction and, theiefoie, the degiee of visceial i espouse cannot be coi- 
1 elated with the degiee of skin i espouse to antihistamimcs Tins is appaiently tuie in all 
foi ms of alleigy Actually, the skin test with anj alleigen is a pietty pooi index of Inpei- 
sensitivity elsewheie This is one impoitant fallac\ in the usual skin tests foi alleigies 

I ciiinot agiee that, as the authois state, the theiapeutic effectneness of the \arious 
intihistaminics aie quite similar Anyone with Iny feiei wall quicklj disagiee wath 
tint statement, but also we found in oui intcnsne studies that a change to one othei 
intihist inline m the gioup of d-ugs emplojed would sometimes bung about a chinge 
in the Mintoux oi lesion which the othei antilnstaniimc w as, to all ijipeaiances, im ipablc 
of pioducing 111 that paiticulii patient Patients with alleigies aie often benefited bi one 
and not bi aiiothei of the antihistannnics and, is well, will become lefiictuc to one 
duig iftei a time, and not to anothci 

I siiiceielj hope that this cnticisni will tend to mike those who pi in to u«e intihiata- 
rainics md othei diugs experinicntalh iiioie aw aie of the mipoitance of idequate tunc 
and dosage in the piopci eialuation of the lesults Bactciiil alleigi is probibh in im- 
poitaiit fictoi in ill infections, iiid expeiinientation along these lines is now being t lined 
on 111 1 numbei of liboritoiies and institutions It is extreineh inipoitint now tint i 
plei be nude foi xei\ eaieful eialuation of methods used md results obtained This 
cspeciilh ipphcs to time ind dosage 

4iiniD II lIixDinsoN 

Ml MPins TrxMssFF 
OcToni n 3, 1949 
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I'nii'i* !<•'? In'- 1H(' ili ;iu niiiumohilc iui-itii-iu Au^iiht 11, 11)11). (^ui(;(, 

!.sn<!!y, hinulfli’ l)uUfihi>! IliV licalli :» 1,’ir^c vtiid 

!U "liitr (-1 iiy ill ii}i‘l ptihli(’ lit-.'tlilt uilhiii liis rhn,''C[i 

jui'l* - ."U ii, in ichyi'in lor in i.-iich uj tin-re )h’ r.-tjihli.'lH il hiiiiM*!)” ns a ii'aiiiT 
an<3 ef !n.*t -A.iSvr, 

lim tur Itisi'.-Jn;' h<<)n in Drs .Nhiim -, luwa, <<n Aii' 4 H>t ‘Jti, !S1»‘J, tin? son 
ti5 .Uil'ai Ui nry, Jr., rani Mal i ! llnteliinrun Diinyias. In IDlo In* wa.s eraduatod 
f}i!jn UliiUn r < ■.iiilotnia. -.vlien* In* vv;):* a int’iniM’r of the liast'hnl! leani. 

jjsfi J hrn in <a«ier aeo* In** M .1 ), diyiin* iK'in liosli .Mrijii’ai ( 'ollr^t; of lliu 
rni^ijoiy i>j at llaijMT lltispiial, Dnlroit, and a>.si.stanL 

ir.'ii’.i in y .it lU-jin.in Ki* ter ilf .jdtal la* In-yan a carrnr in Inlu’n-nlo.siH 

in Ahii-'h hr i irann’ j'U • uiiiirnt . Shortly after In* iran.'-lVnvd from Kiefer 
t*5 the M.iyhusy San.it'innni i.d'-o ojietated by the Detioit 1 )e])artnient of 
ib ,i!‘h> hi'- I .s)s;.-ii>-« bieui’ht him to the Mipi-rintendenry of till* latter in.stitn- 
ta n. ll'*h idhtM tin* ]*■ *}tion foj i<-ji yr.o- uh'/n he relinqni.-hed it to hei’onic* 
nt!<ner < j Tnl.t is uh ri'. <d that eity. lli^ejeht years as ( 'ont toller .-et many 
ixatni;!*.*' j'-r the roontry, for tj;e Ifetroit rampaiitn aitainat tuheieiilo.'-'is wa.s 
ewejftioSMlIv ..rir-e .ijnl fjoitful, hiotn Jhii* position it seemed but a natural 
.iini io^;ie,.l mo-.4» 5h.-i he hoidd to that of (’oinmis.'-ioner of Health of 

ih-it rsty np-eii itoeior Hvjiiy V.>.i! 4 h!)jr,' tivimiation. At the time of hi.s tragic 
«ha?h he ?};e |e.)dii;4 he.dth oJiieej.' of tlie jiation. 

A" pti'sah i»t oS the Anieiit-.m iVudeau .'■•oeiety in tin* year, in Huston, when 
the r-e-.v < e!-,slitutie.n 'a;j' adojttui, he eVoKni tin* admiration of all by the re- 
maikaiih* matmer in vdin h the day-lonj; sr.vdon was eondueted. All Were im- 
ptes.M-d v,iih v,hal adioitnes-^ and einitu-nt fairness the ehairman of the day 
pje-iiied o'. er the liheu-sions. many of them featured by leeliiif; and heat. 
lb--,v hni'V.' tlsat he had aulieipated the need of eomplele familiarity with parlia- 
mentary u-aye and I’haraeterist ieally had perfeeled himself in it beforehand. 

From llt/IU to the linn* ol his death. Doctor Dou^la.s served a.s a member of 
the Hoasd of Direelors of the National Tuherenlosi.s Aissoeialion, doing faithful 
Work on numerous eommiltees the whih*. He was a member of (he FAxccutive 
t.’ommittee in IPdl) and 11)10, and (In* A.'^soeiation eleeted him president for the 
year IP 1 1 Hi) 12. Doelur Dougins was a memher of the ICditorial Board of the 
.\merieaji Ib-view of ’ruluTculosis from ID.’hS to 11)17. 

From 11)11 he served as Profe.*i.sor of I’reveutive .Medicine and Public Health 
ill the School of .Medicine, M'ayiie Fniversity, and ns l.ecturer on Public Health 
in the Heliool of I’ublie Health of the rniver.sity of Michigan. He was a certified 
.sjiecialist in the .-Vmeiican liuartl of Internal Medicine, a fellow in the .American 
College of I’hysicians, American .-V-s-sociation for the .Advancement of Science, 
.American Public Health A.ssociation, and American Medical -Association. He 
held memhershit) in numerous other national and local as.sociutions and was on 
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the go\eimng boaids of se^elal medical, phihnthiopic, and socnl oigamzations 
of both national and local scope Duiing Woild Wai I he ^^as a pm ate ind m 
the last 'i\ai ^\as Suigeon, United States Public Health Sel^^ce Eesene Coips 
His scientific contiibutions to om expanding laion ledge of tubeiculosis and 
public health ha^e been maiked foi then quahtv and lange 

Bom into the Society of Fiiends, this “quiet Quakei” Ined and exemplified 
a fine plulosophj’^ of life He was mteiested m human behaMOi and was wise 
His counsel was often sought '\\'liethei the appeal came fiom the Ameiican 
Friends Seivice Committee, the Inteiiacial Commission of Detioit, a staff of 
phj'sicians w ith a pioblem fiom the sickioom, an audit oi fiom the Budget Bui eau, 
01 an 11 ate citizen with a gnei ance, his leaction and advice alwai's seemed to be 
bom of wisdom and undeistandmg 

Alw^ays soft spoken, unaffected bv lus success, and appioachable if sometimes 
almost shy, he was fiiend to eieiyone He was capable of piochgious effoit and 
woik yet nevei appealed to be huiried, for there was always abundant time foi 
any w ho w anted to see him His daily life w as the embodiment of unselhshness, 
and peihaps his most outstanding peisonal tiait was humility In the davs of 
the depression and latei of the wai, he spent endless houis ovei adjustments, 
and, wnth steadfast devotion, w as attentn e to the unmet needs of patients and 
employes His tiials he met with lemaikable seiemtj and laie wasdom lie 
achieved eminence but maintained humihtj He w as a good man — good wathout 
smugness — and, I thinlc, the best and kindliest man I ha\e Icnown 
Biuce Douglas is dead The depiessing significance of the fact beais down 
upon those vrho knew and loAcd him and those who depended upon him foi 
advice, help, and mteiest But his life was an cxtiaoidinaiilj useful one He 
leaACS his family a splendid heiitage, and all, a woithy example 

H S muAS 
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II MoLi OD Riggins vnd II Com\iN IIi.nsium (Ethtois) Sheptomycin and 
Dihydiostnptomycin vi Tubciculovi, Pp wu-jo',, Nalional Tuberculosis Associ- 
altou, Wu Yorl , X Y , WhO, cloth, S7 JO 

This \ olumc of 554 p igcs is composed of 33 pnpcis on \ anous aspects of stiepio- 
mvun lud tuheiculosis giouped foi comenicncc imdei eight majoi headings, 
mthuhng hisUnit d ispccts of the subject, the lelation of the Amencan Tiudeau 
Soiiet\ to euh studies, baclciiological and pithological aspects of the pioblem, 
det iiled and summaiizing icpoits on the clinical CNpeiiencc of Trudeau Society 
nncstigitois, expei imcnl il uid clinical studies on dilndiostieptomj'cin, and, 
fiiialK , imestigations of combined thci ipv, with emphasis on the adjuvant 
elTett of piia-ammosiht\lK acid m tiealment Sixteen, oi appi oximatety one- 
half of the pipei", aic lepimts of piciious publications These include tlnec of 
the oiiginal classics on the subject, \iz , the papei bi' Schatz and 5Yaksman 
gnang the fiist detailed icpoit on the eflect of staeptomvcm on the tiibeicle 
bacillus, ind the two well-known papeis b\ Feldman and Hinshaw describing 
the hist tests of the \alue of stieploimcm m the ticatment of tubeiculosis m 
expciimental animals and man The othei seienteen papeis lepiesent original 
contiibutions, the majontj of which aie an outgiowth of a caiefully planned 
theiapeutic tual piogiam on the clinical ^aluc of stieptomycin oiganized m 1946 
bv a gioup of clinical and laboiatoiv im cstig itoi s m the Tiudeau Society 
The ^olume was planned oiiginally as a lepoit to the six stieptomycin pro- 
ducer who made the study possible by contiibuting enough stieptomycin, at a 
time when the duig was cerj costlj , foi the tieatment of 1,000 tubeiculous pa- 
tients Duiing the couise of picpaiation of this repoit such gieat development 
of the subject occuiied that it appealed highly adc antageous, m the mteiest of 
a bioad undeistanding of the c alue of streptom 3 ’'cm in the tieatment of tuber- 
culosis, to supplement the individual and summaiizing lepoits bj’’ membeis of 
the Tiudeau Society gioup with papeis lesultingfiom othei impoitant leseaich, 
much of which, like the studies of the Tuberculosis Stud}’- Section of the Re- 
seaicli Giants Division of the National Institute of Health, was stimulated bj’ 
the Trudeau Society investigation The volume includes lepoits of wmik spon- 
soied by these two gioups, a summaij'- of lesults of a veij’- extensive coopeiatn'-e 
stieptomycin piogiam of the Veteians Administiatioii, U S Aimj--, and U S 
Navy, and tw’o papers sponsoied m pait by the Committee on Chemotheiapeu- 
tics and Othei Agents of the National Reseaich Council It is mteiestmg to note 
that ceitam of the mvestigatois submitting lepoits m this volume were activety 
conceined m the piogiams of all of these oiganizations Thus the volume as a 
whole lepiesents a lemarkable combination of expei lence 
The bacteiiological and pathological papeis piesent fundamental data fur- 
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nishmg a comenient souice of mfoimation on a multitude of pioblems m these 
fields Included aie accounts of the sensitnity and lesistance of tubeicle bacilli 
to stieptomjmm and the histological chaiactei of the effect of stieptomvcm on 
tubeiculous lesions in animals and man In this section is a fine papei also bi 
Feldman on ciitical evaluation of a chemotheiapeutic agent thiough animal ex- 
pel imentation 

The chief mteiest of the geneial leadei mil be focused on the Summaiy Re- 
poit of the Stieptomj'cin-Tubeiculosis Reseaich Pioject of the Tiudeau Society 
In the analj’^sis of clinical data fiom the coopeiative enteipiise, the editois had 
the able assistance of Di Can oil E Palmei and h'lis Shiile}' H Feiebce, of the 
Field Studies Section, Tubeiculosis Dnision Public Health Sen ice A senes of 
charts m this section, vhich deal specificalty with the \ alue of diffeient legimens 
of stieptomj’-cm, indicate that stieptomycm is of gieatest efficacy m acute foims 
of tubeiculosis, that laige daity doses, although moie toxic, aie defimteh moic 
effective than small doses, that the de\elopment of diug-fastness of infecting 
tubeicle bacilli is diiectlj' i elated to the length of tieatment, and that i elapse of 
the disease aftei tieatment inci eases with the passage of time, a fact emphasizing 
the necessitj’’ of supplementing stieptomycm tieatment with othei theiapcutic 
measuies of established value 

The SIX papeis on dihvdiostieptomycin included m the \ oliime aie lepimts of 
the well-lvnowTi senes which appealed in the Amciican Renew of Tubeiculosis in 
Novembei 1948 Moie than anj' othei s these papeis point up the difficult \ of 
keeping abieast of dei elopments m a lapidlv expanding held thiough the me- 
dium of monogiaphs like this one The cm lent pnncipal questions on the place 
of dihj'drosti eptomycin lemain unansweied, because tlie\ aiose too leccnth foi 
inclusion 

The final section is in the field of ippaient gieatest piomise, combined thei- 
apy The a olume closes on a note of optimism cautioush expicssed, on the efTctl 
of paia-aminosahcj he acid in dolaving the emeigencc of stieptonn ( m-icsistant 
strains of tubeicle bacilli 

’'Ihc aolumc will be of gieat laliic to piictiiing ihniciins md iin cslig if oi'^ 
ilike Although loosch organized, as a icsult of thangc m its ofijeitno in llio 
actual couisc of its picpaiation, it lo^cs little of its u''cfulnc‘^^ flieieln, foi it^ 
chief and lasting aahie will be as i lefeience souice liook in llie in iii\ fields 
co\cied It is leasonable to expect tint its \alue foi file fiiei ipeiitu ic-itlfs de- 
sciibed md the expeit inahses based upon lliem will be eplieineial, foi flic le- 
sults of much 1 irgei studies, well suppoi ted in ciifical anahsi«, in i\ lieexpicfed 
m the neir future 1 he \ olume is tiineU it picsenf howevei, ind fiiinidies i 
rem ukable picture of cooperation in i clinic al iine^tig if ion 1 lie siimni iiic-- and 
maUses of icmlfs of iin e-<ligation inter-per-ed fliioiialimit tlie liook lilii-tritc 
cleiih the \afiie md iko (lie limit idotis of the e\tr lordin in drag on whith 
the book n based Gieit cicdit is due the editor- md publi-her- in in dving -iic li 
a compilation possible 
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La-RS Webkoe The Influence of Poi,ilnc Prc<isurc Brcailnng on the Circulation 
tn .'Ida mcdica Scandinaitca, Stoclholm, Stveden, 19/, 7 

This IS a short, monograph describing the cfTects on the circulation of various 
forms of positne picssurc breathing, specifically, artificial respiration by inter- 
mittent (inspirator^ ) positu c pressure, spontaneousrespiration under continuous 
positive pressure, and spontaneous respiration against expiratory positive pres- 
sure ]\Iost of the V ork w as concerned v ith inspiratory positive pressure breathing 
(IPB), several artificial respirators designed bj' the U S .limy Air Forces 
vere used The research was done by the authoi at Bellevue Hospital, New 
York Cit}’-, in collaboration vith Cournand and associates 

.After a re\uev of the literature, a detailed description is given of the methods 
employed m the author’s work, including the technique of right heart catheteriza- 
tion, the determination of cardiac output, and the recording and anal} sis of 
peripheral arterial and of right heart and pulmonarj" arterial pressures 
Tlie subjects studied consisted of fourteen mdmduals vuth normal circulation 
and tvelve vnth various forms of cardiovascular disease, some compensated, 
others in failure In the subjects vnth normal circulation, intermittent positive 
pressure breathing caused increased arterial blood pressure and increased mean 
and diastohc pressures m the right ventricle and pulmonarj'^ artery, proportional 
to the applied mean mask pressure, but usually less than the applied pressure 
Wlien the mean mask pressure exceeded plus 5 mm of mercury, the cardiac 
output decreased significantly, and m proportion to the height of the mean mask 
pressure ^lean mask pressures in the region of plus 12 mm of mercury caused 
decrease in cardiac output of about 30 per cent Total peripheral resistance in- 
creased vnth increasing mask pressure in the sj’stemic circuit, and usually in the 
pulmonary circuit 

Further analysis of these results was made in three subjects in whom pleural 
pressures v ere recorded in addition to the other measurements During the posi- 
tive pressure inspiratory phase, right auricular and right ventricular diastolic 
pressures increased, but less than the increase in pleural pressure Right heart 
filling was thus decreased, vhich was interpreted as indicating that right heart 
output was also decreased Left ventricular output, on the other hand, was con- 
sidered to be increased during positive pressure inspiration, due to the forcing 
of additional blood from lungs into the left heart During expiration, net filling 
pressure in the right heart (diastolic nght ventricular pressure minus pleural 
pressure) was increased, indicating increased cardiac output Evidence for this 
interpretation was provided by the facts that the average net filling pressure in 
the nght ventricle foi the whole respiratoiy cycle was found to change propor- 
tionally to the changes in cardiac output, and that the greater the number of 
beats during the respiratory cycle, that occurred with loiv filling pressures, the 
greater the decrease in cardiac output The suggestion was made that, when in- 
termittent positive pressure breatlung is used for artificial respiration, the in- 
spiratory period should be short and the expiratory period long, to avoid de- 
creasing the cardiac output 
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In one patient ■with heart failuie, positive pressure breathing, producing de- 
creased filhng pressure in the light ventncle, resulted m an increased cardiac 
output 

A finding of special inteiest, outside the piessure breathing studies, was that 
in normal subjects breathing 10 per cent oxygen at normal or atmospheric pres- 
sure there occurred a defimte rise m pulmonary arterj’' pressures 
Expiratorj’’ positive pressure breathing caused onlj’- small changes in blood 
pressures and cardiac output In one case, contmuous positive pressure breathing 
■with a low mean mask pressure resulted m a reduced cardiac output and mcrease 
in arterial right ventricular and pulmonarj’- arter 3 ’- pressures 

Dicktn’son W Richards, Jr 
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